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VI PREFACE, 

society, and invest with power a people that have never 
been educated to use it 

I am not insensible to the objections which are frequently 
urged against tlie introduction of new subjects of instnic- 
tion ; but it has often struck me that some of the subjects 
usually taught in schools might be got rid of with great 
advantage to the children. The great object of education 
with the working classes is its practical value, and thej 
rarely rise above this idea ; nor do I think it so low and 
grovelling as some have described it. Unless you can in- 
struct a boy in some of those principles and things which 
win help him through life, and supply him with new re- 
sources in the time of difficulty, infusing a new sentiment 
intb his labour, and relieving him from the monotony of 
mere mechanical manipulation, — unless this is done, educa- 
tion loses much of its usefulness, and fails in the estimation 
of thos6 for whose benefit it is intended. 

I would not, on this account, ignore Everything of an 
abstract character. A man who can demonistrate the first 
twenty propositions in Euclid, is raised to an intellectual 
levtel above that at which he stood before. But persons 
who have little capacity for mathematical investigation, 
often distinguish themselves in the sciences of experiment 
and observation ; and these sciences are not without their 
logic in the hands of a good teacher. Working men are 
almost always experimentalists; a difficulty or failure is 
overcome by trying some other method; they seldom 
rieason out a result, — indeed, results in natural science are 
rarely so obtained, — and if they reason at all, it is after the 
result is accotpplished. 

t have endeavoured to render this book as practical as 
possible ; and am not aware that anything of importance is 
otnitted. In the hands o^ an intelligent teacher, it will 
admit of much amplification. 

% John's BVK, Wand&Uforfh, 
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I HAVE prepared this little work in the hope that it may 
be found useful in promoting the scientific education of the 
senior classes in Middle-class Schools. I trust it will not 
be without its value to pupil teachei*s, schoolmasters, and 
the students of classes in Mechanics' Institutions. 

Haying been engaged as a teacher of physics, both to 
boys and adults, I have always found the experimental 
sciences very popular subjects of instruction ; and if this 
little book should contribute, in however small a degree, 
towards the scientific industrial education of the working 
classes, or stir up in some obscure worker a desire to learn, 
I shall be content to have done something for that class 
which has always had my warm and earnest sympathy. 

For some years I have taken a deep interest in Working 
Men's Institutions. I believe that many of them contain 
the elements of great usefiilness, and may yet be made to 
take an important part in the secondary education of the 
workiiig classes. 

The true elevation of the working classes chiefly de- 
pends on their own efibrts, judiciously aided by the State. 
A comprehensive and liberal system of education would 
do much to remove many of those disadvantages under 
^hich they have hitherto laboured. 

The political liberty of the present day is quite equal to 
the intellectual condition of the people. To advance the 
one and neglect the other is to invert the natural order of 
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In preparing this Edition I have sought the advice of 
several Certificated Teachers of Elementary Science, and 
hope I have succeeded in producing a book worthy the 
acceptance of those engaged in teaching and learning the 
Elements of Chemical Science. 

8t. John's HtO, Wandawortk, S.W, 
March, 1863. 



ELEMENTARY CHEMISTRY. 



The earth is made up of a variety of solid, liquid, and 
gaseous materials. Chemistry investigates the relationship 
between the different kinds of atoms or particles of which 
these materials are composed. If the earth were composed 
of only one simple substance, there could be no such 
science as chemistry. 

All substances, whether animal, vegetable, or mineral, 
are either simple or compound. Those which cannot be 
reduced into any simpler form are called elements^ and 
these elements combine to form an infinite variety of com- 
pound bodies. We may illustrate this by the letters of 
the alphabet, which cannot be separated into any simpler 
form, but by different combinations form a great variety of 
vjords. These words can be separated into their letters, 
as can the compoimd bodies into the elements of which 
they are composed. It is only compound bodies which 
can thus be separated. Sulphur, iron, zinc, copper, oxy- 
gen, hydrogen, cannot be resolved into any simpler sub- 
stance : they are therefore called elementary bodies. Water 
can be separated into oxygen and hydrogen, and is there- 
fore a compound body, and not an element, as was once 
supposed. Again, chalk, or carbonate of lime, is made up 
of three elementary bodies, — a metal called calcium, oxy- 

B 
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gen, and carbon. Common salt is composed of two ele- 
mentary bodies, — a metal called sodium, and chlorine. 
The great majority of compounds are formed by the union 
of two, three, or four elementary bodies. The separation 
of these compound bodies into simpler forms is called 
analysis^ and the formation of compound bodies by the 
union of simple ones is called synthesis. 

The Elementary bodies are about seyenty in number ; 
but many of them are so rare as not to require special 
attention. They are divided into metals and metalloids, 
or non-metallic bodies. The metals have great lustre : 
are good conductors of heat and electricity. These pro- 
perties are never associated in a non-metallic body. Tl)is 
division is not based on any exact principles of science, bat 
as a common means of description. The metalloids or 
non-metal He bodies in the following table are marked with 
an asterisk. The rare elements are printed in italics. 

TABLE OF ELEMENTS. 



Names of Elements. 



Aluminum . 

Antimony {stibium) 

Arsenic 

Barium 

Bismuth 
*Boron 
*Bromine 

Oadmium 

Oalcium 
*Oarbon 

Cerium 
*ChloriiiQ 

Ohromiom 

Cobalt 

Ckhmbium {tnnhdum) 

Copper (cuprum) . 



Symbols. 



Al. 


13*7 


Sb. 


139 


As. 


75 


Ba. 


68*5 


BL 


2IJ 


B. 


io*9 


Br. 


78-26 


Cd. 


56 


Ca. 


20 


C. 


6 


Ce. 


47 


01. 


35*5 


Or. 


28 


Co. 


29-5 


Ta.orCm. 


184 


Ou. 


31-7 



Atomic or 

Equivalent 

Weights. 



Speciflc 
gravities. 



2'6o 
6*70 
5-88 

9-82 

2-97 
8-6o 

35 

2-47 
5*9 

8-54 

8-89 
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Names of Elements. 



DidptMum . 

Erbium 
♦Fluorine . 

Qlucinum « 

Gold {auram) 
•Hydtogeil . 
♦Iodine 

Iridium 

Iron (/ferrttm) 

Lanthcmum 

Lead (pZum&tim) 

IMhium 

Mi^esium 

Manganese . 

MerciUy {hydrargyrum) 

MoM>d!mum 

mckel 

Niobiwm 
*Nitpogen 

Norium 

Osmium 
♦Oxygen 

Palladium 

Pdopium \ 
♦Phosphorus 

Platinmn . 

Potassium {hcMum 

Ehodium • 

Buthenium . 
^Selenium 
♦Silicon 

Silver (argentum) 

Sodium {natrium) 

Strontium . 
♦Sulphur 

Te^rium . 

Terbium 

Thorium 

Tin {sUmnum^ 



) 



Symbols. 



D. . 

E. 

F. 

G. 

Au.- 

H. 

I. 

Ir. 

Fe. 

La. 

Pb. 

Li. 

Mg. 

Mn. 

Hg. 



Atomic or 

Equivalent 

Weiglits. 



49*6 

19 
26*5 

197 
I 

99 

47 

i6r7 
6*52 

ia*7 

27*6 

100 



Mo. 


46 


Ni. 


29*6 


Nb. 




N. 


14 


No. 




Os. 


99-6 


0. 


8 


Pd. 


53-3 


Pe. 




P. 


32 


Pt. 


98-7 


K 


39 


R. 


52*2 


Ru. 


52*2 


Be. 


39*5 


Si. 


2I'3 


Ag. 


108' 


Na. 


23 


Sr. 


43 '8 


S. 


16 


Te. 


64*2 


Tb. 




Th. 


59*6 


Sn. 


59 



Specific 
gravities. 



3 

19*26 

0*069 

4*948 
16 

7-8 
11-35 

I '70 
6-85 

13*59 
8-6 

8-28 

0-9729 

10 
1*106 
11*3 to 1 1-8 

1*77 

2t 

0-865 
II 

8-6 
4-28 

10-47 
0-972 

2-07 
6-25 



7-29 
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Kames of Elements. 

• 


Symbols. 


Atomic or 

Equivalent 

Weights. 


Specific 
gravities. 


TUanium . . 
Tunggten {Wolfram) 
Uranium .... 
Vanadium .... 
YUrium .... 

Zinc 

2Sirc(mium .... 


TL 
Tn. orW. 
U. 
V. 
Y. 
Zn. 
Zr. 


?5 

95 
60 

68-6 
33*6 

32-4 . 

• 


5*3 

I7'6 

7*86 to 7'i 



Some of the elements have a popular hame : sulphur is 
called brimstone; mercury, quicksilverf Carbon when 
crystallised is a diamond ; when prepared artificially, it is 
known as charcoal, coke, lamp-blacky and bone-black. The 
Latin names of all the metals terminate' in um. Five of 
the elementary bodies are gaseous under ordinary pressure 
and temperature; — hydrogen, oxygen, nitrogen, chlorine, 
and fluorine. Two are liquid, — mercury and bromine. 
The others are solid. 

The elementary bodies are represented by symbols. 
These symbols are of great importance in expressing 
chemical changes. 

The student should learn the symbols and combining 
equivalents of the commonly occurring elements. The 
elementary bodies forming a compound are frequently 
called its constituents, or oomponentSy and the act of union 
is called chemical combination, whilst the separation of a 
compound into its constituents is called decomposition, 

CHEMICAL AFFINITY. 

The power or force by which bodies chemically unite is 
called affinity. It differs from the force of gravitation, 
which tends to draw all bodies towards the centre of the 
earth, and operates at all known distances. It also diflers 
from cohesion, which binds like particles of matter together. 



CHEMICAL AFFINITY. 5 

The rain fedls by gravitation, the particles of irofi are held 
together, by cohesion ; but in iron rust (or oxide of iron) 
the oxygen is united to the iron by the force of chemical 
affinity. Chemical combination may be distinguished from 
mere mechanical mixture by the formation of compounds 
having properties different from those of the bodies which 
have entered into combination. And what is most remark- 
able, bodies of opposite chemical characters evince the 
strongest tendency to combination. Chemical affinity may 
be regarded as that force by which bodies unite, and form 
compounds having propeities totally different to those of 
tlie constituents which have entered into combination. 
This combination is usually attended with an elevation of 
temperature. Chemical affinity acts with different degrees 
of force. If sulphuric acid be united with ammonia, and 
magnesia added to the compound, the ammonia is set free, 
and the sulphuric acid combines with the magnesia. This* 
union of magnesia and sulphuric acid may be again decom- 
posed with Eme ; and this compound may be decomposed 
with soda, then strontia, then baryta. From this it 
appears that the. affinity of sulphuric acid for baryta is 
strongest, and for ammonia the weakest. 

The force of chemical affinity is very much influenced 
by heat. Some chemical compounds are entirely decom- 
posed by heat ; the particles seem to be removed beyond 
the sphere of chemical attraction by the repulsive force of 
heat. Heat destroys all organic substances, but other 
compounds are formed of a more permanent character. 
Light, also, modifies the force of affinity ; if equal volumes 
of chlorine and hydrogen be mixed in the dark they do 
not unite, but under the influence of sunlight combination 
takes place with great violence. The particles of matter 
attracted are assumed to be in different electrical states, 
and this is regarded as the basis of all chemical action. 
£lectrical currents are among some of the most powerful 
causes of chemical decomposittcm* As chemical combina- 

b2 



6 ELEMENTAEY CHEMISTEY. 

tioD can only take place when the particles or molecules 
are brought within the sphere of chemical attraction, which 
acts at insensible distances, the force of cohesion must, first, 
be overcome ; and this is done by dissolving the substance 
usually in water : so that the particles may be brought into 
closer contact. Substances in a solid state rarely combine, 
even if reduced to powder. Phosphorus with Iodine is an 
exception. When elements are liberated at the same time, 
in what is called their nascent condition, compounds are 
sometimes formed which cannot be efiected under other 
circumstances. If nitrogen and hydrc^en be mixed in the 
same vessel, combination does not take place; but when 
.these gases are set free at the same time, as in the case of 
manure heaps, ammonia is formed. 

LAWS OP CHEMICAL COMBINATIOK. 

Chemical combination takes place according to certain 
definite laws. These laws are called the laws of combining 
proportion : no circumstances can alter the proportional 
quantities in which bodies chemically unite. 

1 . The same chemical compound invariably consists of the 
same elements united in the same proportion by weigfU, Pure 
water, no matter where obtained, contains 8 parts of oxy- 
gen by weight united to i part of hydrogen. Common 
salt, whether from Poland or Cheshire, contains 23 parts 
by weight of sodium, to 35*5 parts by weight of chlorine. 
Carbonate of lime, whether cr) stallised or amorphous, has 
the same elements united in the same proportion by 
weight 

2. When one body is capable of uniting with another ^ in 
several proportions^ these pivportions bear a simple relation to 
each other. This is called the law of multiple proportions. 
The best illustration of this law is afibrded by the five 
oxygen compounds of nitrogen. 

K=i4 . = 8 NO =14+ 8 = 22 

*— -\- ■ —" 

, frptozide of nitrogen. 



GOMBININO PEOPOETION. 7 

N = 14 . Og = 16 NO2 = 14 + a + 8 = 30 

fiinoxide of nitrogen. 
N= 14 . O3 = 24 NOa = 14 + 8 + 8 + 8 = 38 





N = 


14 


• 


0. 


=r 


Nitrous acid. 
32 NO4 = 14+8 + 8 + 8 + 8 = 


46 




N 


= 14 


• 


0. 


i "" 


40 


Hyponitric acid. 
NO5 =14+8 + 8 + 8 + 8 + 8 


rs 


• 

54 



Nitric acid. 

In this example, while the nitrogen remains constant, 
the oxygen increases by multiples of eight. 

Sometimes the members of a group are wanting: if 
these members should be discovered, they will, doubtless, 
follow the law just illustrated. Chlorine affords a good 
example. 

C51=35-5 .0 = 8 CIO = 35*5 + 8 = 43*5 

' -r- — I ' 

Hypochlorous acid. 

CI = 35-5 . O3 = 24 CIO3 = 35*5 + 8 + 8 + 8 = 59-5 

Chlorous add. 
CI = 35'5 . O4 = 32 CIO4 = 35*5 +8 + 8 + 8+8 = 67-5 

Hypochloric acid. 

01 = 35*5 . O5 = 40 Clo,=35-5 +8 + 8 + 8+8 + 8 =.75-5 
' , » - 

Chloric add. 
01=35-5 . 0^ = 56 0107 = 35-5 + 8 + 8+8+8+8+8+8 = 91-5 

Perchloric add. 

Here the compounds between the first and second, and 
the fourth and fifth are wanting. While the chlorine is a 
constant quantity, the oxygen increases by multiples of 
eight. 

The oxygen compounds of sulphur afford another illus* 
tration of this law. 

Sjj = 32 . Og = 16 S^Oi = 16 + 16 + 8 + 8 = 48 

* ■ •- — ■ 1 ' — -* 

Hyposulphurous add. 
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8 = i6 . O, = i6 BO^ = i6 + 8 + 8 = 32 

8iil|»biiroiw add, 
S, = 32 . 0»=4O 8^=16+16 + 8+8 + 8+8 + 8=72 

UypoMilphoilc add. 
8=16 . 0, = 24 80,= 16 + 8 + 8 + 8 = 40 

Sulphmliracid. 

3. 7/" oiM ^^y J., unite vnth other bodies^ B C 2), the 
quantities of B C D which unite Ktth A represent the pro- 
portions in which they unite among themselves^ in the event of 
union taking place. 

No element has a greater range of affinity than oxrgen, 
and many of its compounds are capable of exact analysis. 
Its combining equivalent is 8.* 

Let us take a tew illustrations. 

0=8 
H = I . 
I =127 
P = 32 . 
Cl= 35-5. 
N = 14 

These numbers represent Xhe proportions in which these 
elements unite : thus, 8 of oxygen unites with i of hydro- 
gen, with 14 of nitrogen, with 6 of carbon, with 16 of 
sulphur, 39 of potassium, 28 of iron, and 32 of phosphorus. 
I part by weight of hydrogen goes as far in saturating 8 of 
oxygen, as 108 of silver, 39 of potas^ium, 6 of carbon, 32 of 
phosphorus, and 28 of iron. 16 of sulphur combines with 

* These numbers representing only combining proportwM, it 
is necessary to fix upon a standud. For many reasons, amongst 
which may be mentioned its very low combining proportion, 
hydrogen has been fixed upon as the standard, and its combining 
equivalent is tskken as unity. And upon analysing water, its most 
oonunon compound with oxygen, it is found that the weight of 
the oxygen is always eight tames that of the hydrogen. Hence, 
if the equivalent of hydrogen be taken as i, that (^oxygen will 
be 8. 



. . s = 


16 


. . K = 


39 


. . Fe = 


28 


. . Ag = 


108 


. . C = 


6 



COMBINATION BY VOLUME. 9 

28 of iron, 35*5 of chlorine. This law is never departed 
from in any case. If is very common to speak of such a 
number of equivalents of one body united to one or more 
equivalents of another. Sulphuric acid, S0«, contains one 
equivalent of sulphur to three equivalents of oxygen. . Pot- 
ash, KO, one of potassium to one of oxygen. Phosphoric 
acid, PO4, one of phosphorus to five of oxygen. 

4. The combining equivalent of a compound is always the 
sum of the combining equivalents of its constituents* The 
combining equivalent of sulphuric acid is 40, 16 of sul- 
phur, and 3 times 8 of oxygen ; 16 + 8 + 8 + 8= 40. 
The combining equivalent of potash, KO, is 47, 39 the 
equivalent of potassium, and 8 the equivalent of oxygen ; 
39 + 8=47. 40 parts of sulphuric acid neutralize 47 
parts of potash, forming the sulphate of potash, which has 
a combining equivalent of 47 +40 = 87. Nitric acid, 
NOa, has a combining equivalent of 14 + 8 + 8 + 8 
+ 8 + 8 = 54; the proportion of nitric acid necessary to 
neutralize and combine with 47 parts of potash* From 
this it will be evident that when neutral salts decompose 
each' other, the resulting compound will be neutral. It 
will be understood that these prc^rtions are by weight. 

COMBINATION BY VOLUME. 

• 

It is often more convenient to measure a certain volume 
of gas than to weigh it. Gases and volatile vapours com- 
bine by volume . according to a. definite and simple law. 
Equivalent weights of hydrogen and chlorine occupy at 
the same temperature and pressure equal volumes. Oxy- 
gen occupies only half the volume. If the specific gravity 
of a gas or vapour, and its combining equivalent, be known, 
its combining volume may be determined by dividing its 
equivalent, by its specific gravity. The combining equiva- 
lent of oxygen (8) divided by its specific gravity (i*ic>6) 

8*000 
= = 7'2:i, its combining volume. Chlorme equi- 

I'lOO ' 
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valent 35-5 divided by its gp. gr. which is 2'470 = 

35*50 

-, — = 14*37, its combining volume. Sulphur vapour, 

i6'OOo 

From this it ap[)ears that the combining volume of chlo- 
rine is double that of oxygen ; and sulphur one-sixth of 
chlorine. Hydrogen, nitrogen, chlorine, bromine, iodine, 
carbon, and niercury, in a gaseous state, have the same 
combining volume ; oxygen, phosphorus, and arsenic, one- 
half; sulphur, one-sixth. Compound bodies in a state of 
vapour yield the same results. 

WEIGHT. 

By the term weight is meant the whole amount of 
matter a body contains, and this is generally expressed in 
grains, ounces, pounds, &c. Specifio weighty or specific 
gravity^ is the number which expresses the ratio which the 
weight of a cubic inch of the body bears to the weight of 
a cubic inch of distilled water at a temperature of 60^. 

The specific gravity of — 

Platina 21 

Gold 19 

Lead •......•• 11 

Copper 8 

Iron 7 

So that in the same bulk we have three times more 
matter in platina than iron, and iron is seven times heavier 
than its own bulk of water. In gases, air is taken as i ; 
and the specific gravities of gases are referred to that 
standard. Great skill is required in determining the spe- 
cific gravity of gases or vapours, and nothing short of prac- 
tice can give accuracy in the results. 

Atomic loeight, or equivalent weight, is a term used to 
express the proportion in which bodies combine chemi- 
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cally. The atomic theory was finsli promulgated by Dr. 
Dalton. It assumes the existence of indivisible particles, 
molecules, or atoms; that compounds are formed by tiie 
union of these atoms, one to one, one to two, one to three, 
and so on. The compound atom thus formed unites itself 
to the compound atom of another kind, and combination of 
the second order results. If it be allowed that the relative 
weights of these atoms are in the proportion of their equi- 
valent numbers, the hypothesis renders satis^ctory reasons 
for the laws of combining proportion. Chemical com- 
pounds must be definite in their composition, always con- 
taining the same number of atoms. The law of multiple 
proportion is also easily explained. An atom of nitrogen 
unites with one, two, three, four, and five of oxygen. If 
the black circle represent the nitrogen atom, and the open 
circles the oxygen, we may help our understanding by the 
following diagram :— 

NO . Protoxide of Nitrogen . • ^ 



NO, • Binoxide of Nitrogen . 

NOs . Nitrous acid . . . ^ 

NO4 *. Hyponitric acid . . . ^^ 

NO;^ . Nitric acid . . . . ^^ 

CHEMICAL NOMENCLATURE. 

In early days, fanciful names were given to chemical 
compounds ; many of these names bave been retained in 
common use, such as oil of vitriol, aqua fortis, spirits of 
hartshorn, spirit of salt, cream of t^tar, sugar of lead, blue 
stone, flower of zinc. Lavoisier introduced a new nomen- 
clature, which satisfied for some time all the requirements 
of science. In organic chemistry, which is a new depart- 
ment of the science, the defects of this nomenclature are 
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mostly felt. Some of the elementary substances have 
names referring to some pecqliarity of the body : such as 
bariam, antimony, chromium, chlorine, &c. When any 
of the non-metallic elements combines with a metal, the 
compound ends in ide* So we have onideSj bromides, 
chXotides, iodides^ carbtit2e9, phosphtic2e$, and snlphides, Oarb- 
uret^ sulphured, and phosphoret are sometimes used. 

A compound of oxygen and iron, FeO, is the oxide of 
iron ; by replacing the oxygen with chlorine, sulphur, or 
Iodine, we get the chloride, sulphide, or iodide of iron. If 
the non-metallic bodies combine with each other, they are 
similarly named ; as, sulphide of carbon, chloride of sul- 
phur, phosphide of hydrogen. 

The oxides are generally divided into three classes. The 
oxides which resemble potash, soda, and lime, are called 
basic oxides. The oxides of the second class are the very 
opposite in chemical relationship to the first, and are called 
adds. Phosphorus, sulphuric, chloric, and nitric acid may 
represent this class of oxides. There is a third class called 
neutral oocides, of which water and the binoxide of manga- 
nese are good Illustrations. It frequently happens that a 
metal unites with oxygen in several proportions: in such 
cases, one oxide has generally a strongly marked basic cha- 
racter; to this the term jpro^oxide is given. The com- 
pounds next are called Jmoxide or cfewtoxide, Peroxide or 
^n'toxide ; the highest oxide, not having acid properties, is 
called the peroxide. Any compound containing less oxy- 
gen than the protoxide is called a sw&oxide. If an oxide 
should occur between the protoxide and binoxide, it is 
called the s^s^tbxide. 

If the letter M represent a metal, and if oxygen unite 
with it in several proportions, we shall have — 

MgO suboxide, ^ MO protoxide, 

M,Os sesquioxide, MOt binoxide, 

MOs teroxide, MO4 quadroxide 
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By sabstitating chlorine, or any of the other metalloids 
for the oxygen, we shall have the subchloride, protochlo- 
ride, bichloride, &c. 

When the metalloids nnite with oxygen, compounds are 
generally &rmed which have acid characters. The acid 
compound containing most oxygen has the termination in 
ic ; as, sulphuric, nitrtc, chloric, phosphoric. The com* 
pound containing the next less quantity of oxygen termi- 
nates in ous ; phosphorous, chlorous, sulphurot^. When 
other compounds were discovered the prefixes hyper and 
hi/po were introduced. 

Hypophosphorous acid .... PO 

Phosphorous acid POg 

Phosphoric acid PO5 

Sulphurous acid SOg 

Sulphuric acid SOg 

Hyposulphurous acid SjO^ 

Hyposulphuric acid SJO^ 

Nitrous acid •.....;. NOg • 

Hyponitric acid ...... NO4 

Nitric acid . . NO, 

Hypochlorous acid CIO 

Chlorous acid ....... i CIO3 

Hyix)chloric acid CIO4 

Chloric acid CIO5 

Perchloric acid CIO7 

The prefix per is usually given to indicate the highest or 
most intense. In the case of metals it is given to the 
highest oxide destitute of acid properties. 

The nomenclature of a salt is derived from that of the 
acid. When the acid ends in ic the salt ends in ate — sul- 
phate of lime. When it terminates in ous the salt ends in 
ite — ^ni trite of soda. Hyponitrate, hyposulphate, hypo- 
nitrite, hypophosphite, &c; 
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BASIC OXIDES. 

It has been stated that the metallic oxides are divided 
into bases, acids, and indifferent bodies. Several of the 
metals combine in different proportions with oxygen^ and 
the chemical character of these compounds is determined in 
a great measure by the quantity of oxygen they contain. 
The oxides of manganese afford a good illustration. The 
protoxide, MnO, is a powerful base, the sesquioxide, 
MngO,, is feebly basia The binoxide or peroxide, MnO^ 
is an indifferent body ; while MnO,, manganic acid, and 
MngOy, permanganic acid, are acid bodies. Very few of 
the metals form acid oxides, or indifferent bodies ; but the 
next oxide after an indifferent body, has acid properties. 
The most important basic oxides are the following. The 
symbols of these bases should be committed to memory. 

List of Basic Sitbotakoeb. 

Names. Colour. Symlx>ls. 

Potash ...... White KO 

Soda Ditto .' NaO 

Ammonia Golotirld^ NH^O 

Baryta White ... . . . BaO 

Strontia Ditto SrO 

lime Ditto ...... CaO 

Magnesia Ditto *..... MgO 

Alumina Ditto Al^O, 

Sesquioxide of chromlwn Green . . . . . . Cr^O, 

Protoxide of iron . . .. Black FeO 

Sesquioxide of iron . . Brownish red .... re,iO, 

Oxide of zinc .... White ZnO 

Protoxide of manganese . Greenisdigrey'. . . . MnO 

Protoxide of nickel . . Grey NiO 

Protoxide of cobah .. . Ditto CoO 

Oxide of silver . • . Brown ..*... AgO 

Suboxide of mercury . . Black Hg<0 

Protoxide of mercury . Red HgO 

Oxide of lead .... Yellow or leddish yellow PbO 

Oxide of cadmium . . Brown or yellowish brown CdO 

Oxide of copper . . . Black CuO 

Teroxide of bismuth . . Yellow ^ BiO, 
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Xamet. Colour. Symbols. 

Protelide of tin . . . Black 8nO - 

Binoxide of tin . . . Light straw colour . . SnOg 

Teroxide of antimony . Greyish white .... SbO, 

Teroxide of gold . . , Brown AuO^ 

Binoxide of platinum . Ditto FtO^ 

Most of these bases are insoluble in water : those which 
are soluble restore the blue colour of litmus, which has 
been reddened by an acid. Soda, potash, and ammonia 
are called alkalies : the latter is called the volatile alkali. 
These bodies are soluble in water, and neutralise the 
strongQ3t acids. Baryta, strontia, lime, and. magnesia, are 
called alkaline earths ; . except magnesia, they are all soluble 
in water, but less so than the alkalies. Alumina is in- 
soluble in water, and belongs to the earths. 

It may appear strange that the terms protoxide of po- 
tassium, protoxide of sodium, protoxide of ammonium, are 
not applied instead of potash, soda, ammonia, baryta, and 
lime. There can be no doubt but protoxide of potassiUni 
is the correct term for pota^, but when these names were 
given they were considered simple bodies^ and the terms 
potash, lime, &a still continue in use. 

In writing oat simple chemical formulae, figures fre- 
quently occur. A little figure to the right merely shows 
the number of equivalents of the element taken, which 
stands to the lei't of the figure. Carbonic oxide, CO, 
means one equivalent of carbon and one of oxygen. Car- 
bonic acid, CO^ nieans one equivalent of carbon and two 
of oxygen. Sesquioxide of iron, FetOg, means two equi- 
valents of iron and three of oxygen. The . sulx)xide of 
iliercury, H^O, means two equivalents of mercury and 
one of oxygen. The subiodide of mercury, HgJ, means 
two equivalents of mercury and one of iodine. The ter- 
chloride of gold, AaCl„ means one equivalent of gold and 
three of chlorine. The terhydride of arsenic, AsH„ means 
one equivalent of arsenic and three of hydrogen. Hydrides 
must not be confounded with hydrat^. The former is a 
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anion of hydrogen wiih some other body ; the latter is a 
union of water with some substance, as the hydrate of 
lime, CaO,HO. When compounds of the metalloids and 
metals are written symbolically, the metal is placed first ; — 
Chloride of calcium, CaCl. ' 

JExercise, 
Write out the names of these compounds : — 



OaS. 


PbCI. 


NH,S. 


Mn.03. 


Fe,Bra. 


KH,C1. 


AuBr,. 


Fe.S,. 


Agl. 


CaF. 


Cr,0,. 


CaF. 


SnCl,. 


SnCl. 


.FeS. 





When the metalloids combine, the hydrogen is placed 
before the other metalloid, except in the case of phosphorus 
and carbon, as C^H^.PHs. 

ACID BODIES. 

An acid body was formerly defined as an oxidised com- 
pound which had a sour taste, turned blue litmus red, and 
neutralised alkalies. This definition is not sufiicient: 
because we know many compounds without oxygen that 
have all the properties of an acid, as hydrochloric acid, HCl ; 
and some bodies, such as carbonic and boracic acid, cannot 
neutralise the alkaline reaction of potash. Chemists now 
regard as acids all those compounds which unite with 
potash and soda, and give rise to compounds similar in 
their composition and character to the salts which sulphuric, 
nitric, or some admitted acid forms when combined with 
these alkali^. 

Acids were formerly, and are still in many chemical 
works, divided into two classes, viz. (i ) Oxygen acids, or 
those which contain oxygen as the acidifying element, and 
^2) Hydrogen acids, those which contain hydrogen, but 
have no oxygen in their composition. Of the former class, 
or those considered as oxy acids, the following maybe given 
as illustrations : — ■ 
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Sulphorocis acid S0« 

Sulphuric acid S0» 

Nitric acid NO4 

Chloric acid . . . . . . . CIO, 

Oxalic acid ... . . . . . CgO, 

Phosphoric acid .... . . PO4 

tSarbonic acid ....... CO, 

Silicic acid SiO, 

These were termed " anhydrona adds," as being destitute 
of water in their composition. It is, however, a remark- 
able fact that most, if not all, of the so-called '* anhydrous 
acids '* either do not exhibit acid properties at all, or only 
to a very doubtful extent. For instance, the bodies SO, 
and PO5 are white snowy-looking solids, which may be^ 
handled or worked about with the fingers, and which do 
not in the slightest degree afiect the blue colons of litmus 
paper. In fact they have no more acid properties than 
the body they resemble. Similar remarks might be made 
of all the others. The term ''acid" therefore as applied 
to these compounds, is erroneous, and for this reason ''an- 
hydride'* has been substituted. The anhydrides are 
characterised in general by an intense attraction for the 
elements of watery with which they combine, forming true 
acids: thus if sulphuric anhydride SOs, be thrown into 
water it dissolves with a loud hissing sound, and the pro- 
duction of ordinary sulphuric acid or oil of vLtriol ; in like 
manner nitric anhydride NO5, forms nitric acid ; phosphoric 
anhydride P0», forms phosphoric add, &c. By those who 
consider the anhydrides as anhydrous adds, the real acida 
are called "hydrated acids," and are supposed to consist 
of the anhydrous add iu oombmation with water ; thus, 

Hydrated sulphuric acid . . HO,SO, 
„ nitric add . . . HO,NOi 
I,. phosphoric acid . • jHOyPO, 
&c. &c. 

c 2 
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Of the " hydrogen acids,*' the following maj be taken 
as examples : — 

Hydrochloric acid . . . . . HCl 

Hydrobromic acid . . . ' . . HBr 

Hydriodic acid . .'.•.".. HI 

Hydroc3ranic (prussic) acid . . HCy or HC^ 

Both " oxygen acids " and " hydrogen acids " are thus 
seen to contain the element hydrogen as a necessary con- 
stitaenty and as they all possess exactly similar properties, 
and cannot, except by analysis, be distinguished from each 
other, there can therefore be no doubt that the real acidify- 
ing element is hydrogen^ not oxygen. 

For this and many other reasons founded on the study 
of the actions of acids on metals and metallic oxides, the 
unphilosophical division of acids into two classes is very 
generally discarded, and all acid bodies are now considered 
by the most eminent chemists to be constituted according to 
one type, the type of the so-called hydrogen acids, and to 
consist essentially of hydrogen in union with a body called 
an "acid radical." By the term *'acid radical" is to be 
understood any simple or. compound body capable of forming 
with hydrogen a substance possessed of acid properties. As 
examples of simple radicals we may mention chlorine CI, 
bromine Br, sulphur S, &c., while cyanogen C,N or Cy, 
and the compounds represented by SO4, !N0«, POg, &c. 
may be taken as examples of compound radicals. 

An acid then may be defined as the hydrogen compound 
of a simple or compound acid radical. The following table 
represents the composition of some of the most important 
acids ; — 

Acids with Compound Radicals. 

Sulphurous acid* . . ... Solid (cryst) . H,S.O,4-8aq 
Sulphuric acid Fluid . ^ . H;S04 

* Sulphurous anhydride is a colourless gas of suffocating odour. 
Carbonic and chromic acids are unkoown iu a free state ; their 
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Nitrio acid (aquafortia) . . Fluid . . 

Cbloricacid Fluid . . 

Oxalic acid Solid . . . 

Phosphoric acid (ordinary) . Fluid . . 
Carbonic add (choke damp)* 

Arsenioua acid Solid . . « 

Arsenic acid Solid . . . 

Ciiromic acid Solid 

Boracicacid Solid (cryst.) 

Silicic acid (sUica, quartz)* . Solid 

Hydrocyanic acid .... Fluid . . 
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H.NO, 
H,C10« 

HAO4 

orH,0 

H,.POg 






H.B04 



Hydrochloric acid 
Hydrobromic acid . 
Hydriodic acid 
Hydrosulphuric acid 
Hydrofluoric acid . 



Acids with Simple Eadicals. 

. Gas . 

. . Gas . 

. . Gas . 

. . Gas . 

. Gas . 



. HCy 



HCl 

HBr 

HI 

HS 

HF 



Some acids contain more than one equivalent of hydrogen, 
such are termed pdybasic acids;* e.g. monobasic phosphoric 
acid H,PO,; bibesic phosphoric acid HjjPO,; tribasic 
arsenic acid HgjPOe, &c. These will be again referred to 
under '* salts." 

SALTS. 

The division of salts into the two classes of oxysalts and 
haloid salts, corresponding to oxygen acids and hydrogen 
adds, is still retained in most elementary works, and it there- 
fore is necessary to say a few words about them. Oxysalts 
a;re formed by the union of a base with an oxygen acid (an- 
hydride), as KOjSOs, sulphate of potash. Haloid salts are 
formed by the radical of a hydrogen acid united to a metal, 
as NaCl, chloride of sodium. There are the same objec- 
tions to this division of salts as to the corresponding divi- 
sion of acids ; and therefore most chemists now view all 



anhydrides COg and CrOj, are well known ; CO4 is a gas, CrO^ a 
crystalline solid. Gelatinous silica is supposed to be the real 
edlicic acid, and its composition H,Si04. 
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salts as formed on the hydradd type exactly similar to the 
acids. Accordingly sulphate of potash is represented as 
KjSO^ ; nitrate of copper, Ca,NOe ; carbonate of soda, 
Na,00, ; chloride of sodium, NaCl, &c. 

A salt may therefore be defined as the metallic com- 
pound of a simple, or compound salt — or acid — radical. 

According to this theory (which is sometimes called the 
binary theory), an acid must be considered as a salt in 
which hydrogen occupies the ba§e of the metallic element. 
Most chemists in fact regard hydrogen, as. a metal in the- 
gaseous state, and its affinities certainly favour this suppo* 
sition. 

A salt is formed from an acid by the simple displacement 
of the hydrogen of the acid, and the substUution in its place 
of a metal, or some compound which will act the part of a 
metal. When an acid acts on a metal, a simple case of sub- 
stitution occurs, as may be seen, in t^e following instances 
where H.CI or H,S0!4 acts on sodium, Na : — 

Na + HCl = NaCl + H. 
Na +. H,SO, = Na^SO^ + H. 

or, substituting zinc, Zn, for the sodium, 

Zn + HCl = ZnCl + H. 
Zn + H,S04 = Zn,S04+ H. 

Wheneyer then an acid acts on a metal its hydrogen is 
displaced, apdt in most cases, escapes in a free state, while > 
a salt of the metal is formed. When, on the otii«r hand, 
an acid acts on a hase, a different reaction ensues ; the dis* 
placed hy4rogen at the moment of its liberation, entering 
into combination with the oxygen of the base; forming 
water thus : — 

NaO + HCl = Naa + HO. 
NaO + H,S04 = Na,S04 + HO. 
ZnO + HCl = ZnCl + HO. 
ZnO 4- H,SO, = Zn,S04.-f HO. 
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Polyhasic adds require as many equivalents of base to 
form neutral salts as they contain of water ; or to speak 
according to the language of the binary theory, they require 
as many equivalents of metal as they contain of replace- 
able hydrogen ; e.g.,, neutral bibasic phosphate of soda is 
2NaO,POj, or Na^PO, ; neutral tribasic phosphate of soda 
is 3NaO,POa, or Na^POg, &c- Many of the bases unite 
with water, forming hydrates', such as the hydrate of 
potassium, KO,HO ; the hydrate of calcium, CaO,HO. By 
some chemists, the water is in these cases supposed to act 
the part of a feeble acid, and they consequently represent 
such compounds as salts ; as hydrate of p9tassium KHO* ; 
hydrate of calcium, CaHO,, &c. 

Nearly all salts are solid at the common temperature, 
and have different affinities for water. The nitrate of 
lime and the nitrate of magnesia, the chloride of calcium and 
the silicate of soda, attract sufficient moisture from the at- 
mosphere to become liquid : others undergo scarcely any 
change. Salts differ greatly in their degrees of solubility ; 
some dissolve in less than their weight of water, while 
others are quite insoluble. Soluble salts crystallize out 
when their solutions are evaporated. The form which they 
assume in crystallising is always constant, and forms a 
character by which they are frequently distinguished. 
Some salts, in crystallising, unite with a definite quantity 
of water, called water of crystallisation. This water of 
crystallisation is held by a very feeble affinity : a moderate 
heat is sufficient to expel it. A portion of water is fre- 
quently retained with such force that it cannot be expelled 
without decomposing the salt. When this is the oise, it is 
called essiential water, and is expressed by the symbol HO. 
When the water is non-essential, it is often expressed by 
the Latin word aqua. The following formulae of salts must 
be studied. The letter M stands for a metal. 
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Gtnaral fhnnJa of tiu mon mpmiant SaU», 
Snlphitea . . . MO,SO, or M,80. 
SnIphatM . . . MO.SO, or M.SO. 
Nitrate* .... MO,NO, or M,NO, 
Chlorates . . . M0,C10, or M.CIO, 
Oxalates* . . . MO,0 or llO 
Phosphate* . . . iMO.PO, or M„PO, 
Carbonates . . . HO.CO, or M.CO, 
Arsenites . . . iMO.AsO.or M(,AsOt 
Araeniates . . . iMO.AsO.or M„AsO, 
Chroroates . . . MOCiO. or M.CrO. 
Borates .... MO.BO, or M,BO. 
Silicates .... MO,SiO, or M.SiO, 
Chlorides (moriates). MCI l Iodides .... MI 
Salphides (Hulpliureta) MS Bromldea . ' , , MBr 
Fluoridea . . . . MF | Cyanides .... MCjr 
lb is seen by these formulae how the tenninatioii ic and 
otu in the acids change into ite and att in sails. 
Write out the following salt* : — 



NaO,SO,(Na,ao.). 
BaO,SO.(Ba,SO,). 
MgO,S0,(Mg,SO.). 
FeO,SO,(Fe,S0.). 
KO,SO^K,SO,). 
NH,O.SO^NH„SO,). 
SfO,aOj(Sr,C10,). 
KO,C]0,(K.CiO.). 
NH/),C,O,{NH,.0). 
NiO,SO,(Ni,SO,). 
BaO,NO,(BaNO,). 
Hgl. ZnS. HgS. FeCI. 



NH,0,SO. (NH„SO.). 
CaO,SO,(Ca,SO.). 
ZnO,SO,(Zn,SO,). 
CaO,SOJCa,S0.). 
NaO,80,{Na,SO.). 
AgO,COiAg,CO,>. 
HgO.GrO,(Hg.CrO.).' 
KO,NOj(K,NO,). ■ 
NiO,0,0.(Ni,0). ■ 
CdO,SO^Cd,SO.). 
KO,SiO.(K,SiO,). 
KGy or KQ^. AuCy,. 



HgCy. Fe,Cy^ Hg.Cy, Pbl. AgBr. 

■T C.O,. 01 
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There are three kinds of salts ; neutral salU, acid salts, 
and basic salts. All salts are now regarded as nentral when 
they contain as many equivalents of acid or rather of the 
acid radical as there are equivalents of oxygen in the base, 
as KCSOa (K,SO,), Al AsSO. (Alg,3S0,.) If no prefix is 
employed to indicate the quantity of acid or base, a neu- 
tral salt is always meant; thus, protosulphate of iron 
FeO,S08; sulphate of the sesquioxide of iron, FeaO„3SOg 
(Fea,3S04). It is thought advisable to retain at present 
the old nomenclature of salts, and the student can tranq)ose 
the formmke for himself. 

Uxercises. 

Write out sulphate of alumina, sulphate of protoxide of 
mercmy, sulphate of teroxide of antimony, chlorate of sub- 
oxide of mercury, nitrate of the sesquioxide of iron, sul- 
phate of the sesquioxide of chromium. 

An acid salt contains more equivalents of acid than there 
are equivalents of oxygen in the base. There are two 
kinds of acid saHs, one in which the dry acid is in excess, 
the other in which it is in excess in the hydrated state, as 
KO,COB,HO,COa ; the bicarbonate of potash, in which the 
hydrated acid is in excess ; K0,2G0«, the bicarbonate of 
potash, in which the dry add is in excess. The hydrated 
acid salts are now regarded as double salts, in which one 
base is water. The prefix 6» or 6is is employed- when the 
salt contains two equivalents of acid to one of base, as 
bisulphate of soda, !NaO,2SOa. Biborate of magnesia, 
MgO,2BO,. Sesqtd is employed to indicate two of base to 
three of acid, as sesquicarbonate of ammonia, 2'^H40,^GOi, 
The prefix ter is used to indicate three of acid to one of 
base, as terborate of magnesia, MgO,3B08. 

Basic salts contain an excess of base. The terms bibasic 
and tribasio are used to indicate this excess; as bibasic 
phosphate of lime, 2CaO,P04 (Ca^POy), tribasic arseniate 
of soda, 3NaO,As05 (NagjAsO,). All salts are basic whicji 
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contain more than one atom of base for one of acid : we have 
bibasic arseniate of lime, aCaOyAsOs (Ga^jAsO,), bibasic 
arseniate of soda, aNaOjAsO,, tribasic phosphate of soda 
and ammonia, NaO,NHAHO,PO, (Na,NH4,H,PO,). In 
pciyhasic salts the bases may be, as we have just seen, ofdif- 
ferent kinds. There are doable oxygen salts and double haloid 
salts, as sulphate of soda and lime, NaO,SOa + CaO,SO,. 

Compounds of two elements are called binary com- 
pounds, as all the oxides and haloid salts, potash, KO, 
chloride of sodium, NaCl. When two bmary compouDds 
unite, a ternary compound is formed, sulphate of potash, 
KO,SO,. A quaternary compound is formed when two 
ternary compounds combine together, as all double oxygen 
salts, AljOeiSSOa + KO,SO,. 

The plus sign is used in formulae to show the arrange- 
ment of the elements and their degree of affinity in the 
compound. The comma is used to separate ternary com- 
pounds into binary, and to indicate the force of affinity 
which binds the elements or compounds together, as 
K0,N05. The potassium and oxygen in this case are 
united by a greater affinity than the nitric acid and potash, 
and it would be much easier to separate the salt into nitric 
acid and potash, than into nitrogen, oxygen, and potassium. 
When a large figure is placed on the line it multiplies all 
the elements on the right of it as far as the first comma or 
plus sign ; if before a bracket it multiplies all in tliat 
bracket; 2SO8 = two equivalents of anhydrous sulphuric 
acid (sulphuric anhydride) ; 3C0^ = three equivalents of 
carbonic acid ; 3FeO,COj, means three equivalents of prpt- 
oxide of iron and one of carbonic acid; but 3(FeO,CO,) 
signifies three equivalents of the protoxide of iron, and 
three equivalents of carbonic acid (anhydride) — ^in short, 
three equivalents of the proto-carbonate of iron. When 
more than one equivalent of any ternary compound is ex- 
pressed, it should always be placed in brackets with the 
figure outside : — 
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3AUCI8. — ^Three equivalents of the terchloride of gold. 

20r,C]8. — Two equivalents of the sesquichloride of 
chromium. 

2(PtCl„KCl). — Two equivalents of the chloride of plati- 
num and potassium. 

2FeI. — Two equivalents of the proto-iodide of iron. 

3(NHAN0,) or 3(NH4,NOe).— Three equivalents of 
the nitrate ofjunmonia. 

3(FeA,30) or 3(Fe,08,3CA) or 3(Fe„3CA).— -Three 
equivalents of the oxalate of the sesquioxide of iron. 

2MgO,3Si08 + 2 HO. — One equivalent of the sesqui- 
silicate of magnesia, and two of water. 

3(A1A»3S08 + KO,SO, + 24aq).— Three equivalents 
of the sulphate of alumina and potash and 24 equivalents 
of non-esential water. 

Interpret the following formulae : — 

SAsHj. 2MgO,NH,0,PO,. 

BaO,CO,+ CaO,CO^ MnO, SO, + NaO.SOg. 

Cu.r. CrA»3H0. 

NaO,HO. 3 (aCuO^AsOa). 

3 (MgO,C04) +aq. 2NaO,HO,P05. 
KO,CA4-HO,orK0,+HO. Ca0,CA+2H0. 

Ca0,3ISi0,. CaO,COa + 3(Mg,C02). 

2CuO,HO,PO,. A1A,3H0. 

APPARATUS AND MANIPULATION. 

Expertness and neatness in the construction and use of 
apparatus can only be acquired by practice. 

Corks are of constant use, and they should be of the 
best kind. Before fitting them into apparatus they should 
be softened by rolling them under the foot on a piece of 
paper, so as to keep them free i'rom dust. 

When glass tubes have to be passed through the cork, 
holes should be made with a cork-borer rather smaller than 
the tube to be inserted, and nicely eased lo the proper 
size with a rat- tail file* If the cork should prove porous, 
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the exposed parts most be oovered with a fiolution of seal- 
log- wax in spirits of wine. 

Glass tubing may be cut into the required lengths by 
marking round the tube with a three-cornered Ale; the 
tube is then easily broken. The depth of the mark made 
by the file must depend on the thickness of the glass. If 
the tube has to be bent this should be done before cutting 
it. To do this the tube must be heated gradually in the 
£ame of a gas or spirit lamp, by turning it round in the 
flame and moving it a little to the right and left. As soon 
as the tube becomes red-hot it can be easily bent into the 
required shape. A little practice with a few pieces of 
glass tube over a lamp will soon give the experimenter 
more knowledge than any written instructions. 

India-rubber tubing, which can be purchased any size,* 
is used for connecting glass tubes. In connecting glass 
tubes by means of india-rubber, the ends of the tube 
should not be brought so close together as to interfere with 
the flexibility of the arrangement. If the india-rubber 
tubing does not fit the glass tubes perfectly ai^ tight, it 
must be tied with a piece of twine. 

A good supply of Florence flasks will be found ex- 
tremely useful,. as they can be fitted up to suit a variety of 
purposes. 

Gas Jars, — Plain cylindrical jars should be from twelve 
to sixteen inches in length and about two and a half to three 
inches in diameter, and about one-eighth of an inch in 
thickness. The open end should be ground, so as to be 
closed air-tight with a piece of flat glass. A little grease 
should be placed on the glass plate or edge of the gas jar, so 
as to insure pei*fect tightness. Stoppered jars usually have 
glass stoppers like bottles, and should be ground at the top^ 
so as to be closed with a glass plate in the manner de- 
scribed for cylindrical gas jars. These jars are removed 
from the pneumatic trough by passing a plate or saucer 
under the bottom. The plate or saucer should always con- 
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tain a little water, so as to prevent the access of air and 
escape of the gas. 

When substances have to be burned in a gas jar they are 
introduced by means of a deflagrating spoon. This spoon 
should be fitted with a plate, so as to cover the aperture of 
the jar and allow it to pass the required depth into the gas. 
In burning phosphorus a piece not larger than a split pea 
should be used ; it should be carefully dried by gently 
wrapping it in blotting-paper. The phosphorus may then 
be ignited by touching it with a red-hot wire and quickly 
introducing it to about two-thirds the depth of th^ jar^ 

In collating gases over water, where heat is required, 
the heat should in all cases be applied gradually, and the 
first portions of gas allowed to escape, till all the comipon 
air in the apparatus has been expelled. 

The pneumatic trough should be about two feet long, 
eighteen inches wide, and a foot deep, provided with a 
shelf about three inches below the edge of the trough. The 
water should always stand about one inch over this ^helf. 
Holes are made in this shelf, over which the jars intended 
to receive the gas are placed. The delivery-tube is brought 
under the open end of the jar, and as the gas rises in the jar 
the water i^ displaced. A spout should be provided to ^e 
trough, so as to allow the surplus water to pass into a pail. 
An ordinary gas jar is filled with air, and, as no two bodies 
can occupy the same space at the same time, it 1$ necessary 
to expel this air before the jar can be filled wifjh ^is. This 
iSi done by immersing the jar sideways in the water of the 
pneumatic trough, turning it over with the open end down- 
wards, and gently raising it to the shelf of the trough. If 
the stopper of the jar be air-tight, the water, although above 
the level of that in the trough, will stand for aiiy length 
of time in the jar. A little acquaintance with pneumatics 
will enable the pupils to understand the reason. 

. It is sometimes necessary to dry gases, This is effected 
by passing th^m through si series of Wolfe'i^ bottles con- 
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taining salphnric acid, or passing the gas through a tube, 
from a foot to eighteen inches long and three-quarters of an 
inch in diameter, filled with the chloride of calcium. Tubes 
in the form of a U are frequently used. The sulphuric acid 
and the chloride of calcium are called desiccating agents, 
because they deprive the gases of water. 

In the generation of carbonic oxide, from oxalic acid and 
hydrated sulphuric acid, carbonic acid, and carbonic oxide, 
are evolved simultaneously. The presence of the carbonic 
acid interferes with a careful examination of the carbonic 
oxide. This carbonic acid must be removed ; and this is 
effected by passing the gases through a strong solution of 
caustic potash or lime water, which retains the carbonic acid. 
By this method pure carbonic oxide is obtained, which is 
passed into gas jars filled with water at the pneumatic trough. 

When no heat is required to liberate gases or gaseous 
compounds, a two-necked Wolfe's bottle may be used. It 
should be fitted up with two glass tubes. The delivery- 
tube, from which the gas escapes, may be about a quarter 
of an inch in diameter, and pass just through the cork of 
the bottle ; another tube, passing to within a quarter of an 
inch of the bottom of the bottle, and about half an inch in 
diameter, is used for pouring in acid or water. This saves 
the trouble of taking out the cork, which must be done 
every time fresh acid or water is added, unless the bottle 
be provided with two tubes in the manner described. The 
materials in the bottle should never occupy more than a 
third, and the acid should be added carefully, a little at a 
time, and the materials in the bottle agitated by a little 
shaking. A Florence fiask may be fitted up with two 
tubes ; but the neck is rather too small, unless great care 
be taken in boring the corks. 

The whole of the apparatus for the evolution of gases 
must fit air-tight. Too much pains cannot be taken to 
secure this object ; it will save much trouble and disap- 
pointment. The expression, ** That's near enough,'* will 
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not (loin chemistry; it must be exactly, or a satisfactory 
result cannot be obtained. 

Gases are sometimes collected by displacement. If the 
gases are lighter than common air, as hydrogen and 
ammonia, or heavier, as chlorine and carbonic acid, the 
pneumatic trough may be dispensed 
with. But gases of nearly the same 
specific gravity of common air must 
be collected over water. The same 
generating apparatus as that just de- 
scribed will do, provided the flask or 
bottle will stand heat if required. The 
delivery-tube must pass to the bottom 
of the jar it is intended to fill with gas. ^^ i* 

This is often done by blocking the jar up with pieces of 
wood of different thicknesses. 
The top of the jar may be co- 
vered with a piece of card-board, 
with a hole for the delivery- 
tube to pass through. As the 
gas collects at the bottom it 
gradually expels all the air, ex- 
actly the same as if water were 
poured into the gas jar. See 
fig. I. In raising bottles or other 
apparatus let the blocking be 
firm, the largest and heaviest 
pieces at bottom. When the 
gases are lighter than common 
air the receiver may be sup- 
ported by a retort-standy the de- 
liveiy-tube passing upwards to 
the extremity of the vessel in- 
tended to receive the gas. When 
laige quantities of gas are required, 
a gasometer is used. The most convenient is the one known 
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as Pepys* gas-holder. See fig. 2. I shall no.t describe the 
action of this piece of apparatus, because five minutes' ex- 
amination of one of these gasholders will give the student 
a much better idea of its action than any written descrip- 
tion. The most careful explanation of any piece of me- 
chanism or apparatus must fall short of actual observa- 
tion; and the teacher who attempts to teach without 
the objects, when they can be obtained, teaches words and 
not things. . 

In chemistry the terms scHutiofiy solubley and solvent are 
frequently employed. Many solid bodies, when placed 
in water, dissolve. Salt and sugar dissolve in water. 
These substances are said to be soluble in water; and the 
water is called the solvent or menstruum. The more a 
solid is reduced to powder the easier it dissolves. If sugar 
be placed in alcohol, it does not dissolve. Here, then, we 
have an example, which may be multiplied to a great ex- 
tent, of a body soluble in one liquid and insoluble in 
another. A solution may be either mechanical or chemical. 
The sugar in water is a case of mere mechanical solution ; 
no chemical change has taken place, and, by evaporation, 
the sugar can be obtained in its original condition. Salt 
dissolved in water is another illustration of the same kind. 
In chemical solutions the solid and liquid combine together, 
forming a new compound, from which the original solid 
and fluid cannot be obtained by evaporation or any mecha- 
nical operation. When chalk is dissolved in hydrochloric 
acid, or copper dissolved with nitric acid, we have examples 
of chemical solution. A liquid can only dissolve a certain 
quantity of a solid substance. This quantity will vary ac- 
cording to the solid and liquid employed. When the sol- 
vent or liquid contains as much of the solid matter as it is 
capable of dissolving, it is said to be saturated, as all ad- 
ditional quantities of the solid fall to the bottom. 

The solubility of most substances is increased by an in- 
crease of temperature. 
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loo pts. of water at 60*'F. disBolve 11 pts. of sulphate of potashi 
»» »» 212 „ 25 „ „ 

„ „ 60° „ 32 ptfl. of dry sulphate of 

magnesia. 

»l !• ^1^ »» '^ *» ft 

• 

Common salt is about as soluble in hot water as cold. 
Some bodies attain their maximum solubility at a particular 
temperature. The solubility of the dry sulphate of soda is 
at its maximum at a temperature of 9:^° ; but in the nitrate 
of soda we have the order reversed, — water, at 32°, dis- 
solves 80 parts ; at 50^, only 23 parts; but from this 
point the solubility increases up to 200 parts at a tempera* 
tureof2i2°F. 

Substances dissolved in alcohol, ether, oils, and water 
are called simple solutions. The most important solvent is 
water; and when the substance is soluble in this liquid no 
other is used. 

Elevation of temperature accelerates all chemical solu- 
tions : heat promotes the action of bodies on each other. 
The quantity of a dissolved body in a chemical solution is 
always the same. When bodies enter into chemical com- . 
bination, they unite in de6nite and fixed proportions irre- 
spective of temperature. Solutions are made either in test 
tubes, Florence flasks, evaporating dishes, or beakers, the 
size being regulated by the quantity 
of the substance to be dissolved. 

FUters and Filtration, — Filtering- 
paper should be of uniform texture, 
and sufficiently porous to admit a 
free passage of the fluid. Filtra- 
tion is purely a mechanical opera- 
tion. The object is to separate 
the solid from the liquid, the former 
collecting on the filter, and the 
latter passing through, which is called the filtrate. The 
filtering-paper is supported by a glass funnel, and the 
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iimnel maj be sapported by one of tiie rings of the retort 
stand. See fig. 3. A filter is easily made by folding 
the paper in such a manner as to. bring the four comers 
together, and, by opening one comer from tlie other three, 
a conical cavity is formed. The filter may now be placed 
in the funnel, taking care that it is the proper size. It 
should fit nioely against the sides of the funnel, and the 
substance to be filtered added by gently po^ring it onk 
the side. If projected violently into the centre of the 
filter, the paper is liable to be broken. Nothing short 
of actually doing the thing will give the proper knowledge. 
It would be just as reasonable to expect a man to learn 
the trade of a joiner by reading books on tbe construction, 
of tools, as to expect a person to learn chemistry without 
proper apparatus ; but this apparatus need not be expen- 
sive, if the student have (as he ought to have) some 
ioYentive and constructive power. 
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NON-METALLIC BODIES. 

The metalloids or non-metallic bodies may be divided 
into five classes, each division being characterized by a great 
resemblance in their chemical properties : — 



First Division, 

Oxygen, 
Sulphur, 
Seleninm. 

Second Division, 

Chlorine, 
Bromine, 
Iodine, 
Fluorine. 



Third Division, 

Nitrogen, 
Phosphorus. 

Fourth Division, 

Carbon, 
Bilicon, 
Boron. 

Fifth Division. 
Hydrogen. 



FIB8T DIVISION. 

OXYGEN. 

Syi/ilxjil O ; Equivalent, 8. 

The non-metallic elements, or metalloids, constitute a 
large proportion of the material world. Oxygen gas was 
discovereid by Priestley, in 1774, who called it dephlogisti- 
cated air. It was also discovered about the same time by 
Scheele, a Swedish chemist. The term oxygen was given 
to this gas by Lavoisier. This element is largely distri- 
buted throughout nature, both in the organic and inorganic 
kingdom. It constitutes eight parts by weight in every nine 
of water, which covers three-fourths of the globe. One- 
third by weight of the solid crust of the globe is oxygen, as 
will be seen when we consider the vast quantities of silica, 
lime, and alumina of which i|i is composed. 

The atmosphere is composed by weight of 2 3 parts of 
oxygen, and 77 parts of nitrogen. By volume it contains 
79 parts of nitrogen, and 2 1 parts of oxygen. 

Preparation, — Oxygen may be prepared in i^ variety of 
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wajB. I , By exposing to beat in a small glass retort the 
red oxide of mercury. Id this snbstaace the alfini^ which 
holds the oxygen to the mercury ie so feeble that exposure 
to heat is aofficieDt to cause a separation into oxygen gas 
and metallic mncury. Tbe mercury collects in small glo- 
bules in the cold part of the retort, and the oxyg^i 
passes over as a colourless, iuodorous, invisible gas : 
HgO=Hg and free. The chief interest connected with 
this metiiod is th^C it waa the one adopted by Priestley : it 
is seldom adopted by chemists, as being too expensive. 2. 
It may also be prepared by exposing to a red heat, in on 
iron bottle or retort, t^e binoiide, or peroxide as it is 
sometimes called, of manganese, UnO,. The oxide of 
manganese yields up half an equivalent of oxygen, reducing 
it to the sesquioxide, ]kln0,|, which doubled makes 
Mn,0,. This method is sometimes adopted when large 
quantities of oxygen are required, but ihe oxygen is seldom 
pure. See fig. 4. J. Oxygen may also be prepared by- 




distilling in a glass retort the binoxkle of manganese and 
sulphuric acid. These materials should be well mixed, so 
that no dry place appears in that part of the retort where 
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the Riatcrials are placed. If this is not attended to, frac- 
tiue of the retort is likely to take place. Sulphnrlo aciJ 
will not unite with the binoxide of manganese, but it unites 
with the protoiide readily. The decomposition is easily 
illustrated : MnO, + SO, = MnO.SO, + free. 4. Oxygen 
is aleo prepared by the decompo- 
sition of water by voltaic elec- 
tricity. See fig. 5. This is inte- 
resting as determining the com- 
position of water, the hydrogen 
being liberated at the negative 
electrode, and the oxygen at the 
positJTe, in the proportion of 
donble the volume of hydn^en • 
to that of oxygen, which is 
proportion in which these gases * 
combine by volaine to form water. 
5. The ttBTial method of pre- '•»■<>. 

paring oxygen ia by heating a miitnre of eqnal parts of 
the binoxide of manganese and the chloral« of potash, 
which should be well dried in a capsule. See fig. 6. The 





undergoes no change, but the gas is 
owei temperature than when the 
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chlorate is used alone. Id the preparatioD of gases the first 
part is a mixture of air, and should always be allowed to 
escape. The chlorate of potash is composed of i equivalent 
of pota^inm, i of chlorine, and 6 of oxygen ; oD the appli- 
cation of heat the whole of the 6 equivalents of oxygen is 
gifpn off. Decomposition, KO,CiO, = KCl + 60, or 
KaO, = KCl + 60. 

Oxygen at all observed temperatures is a gas. It is rot 
combustible ; that is, it will not burn, but it is a powerful 
supporter of the burning of other lx>dies. It has no acid 
or alkaline reaction, although it enters into the composition 
of all oxygen adds and alkalies. Bodies which buro in air, 
burn with increased brilliancy in pure oxygen. A strip of 
wood, if only a spark remain, is instantly rekindled if 
plnoged into a jar of this gas. Small iron wire, twisted 
into a spiral like a cork-screw, and the end dipped in snl- 
plinr, bums with l>eautjful little sparks. See fig. 7. Phos- 
phorus bums with a white light of 
great brilliancy ; suljihur, with a beau- 
tiful blue light ; and charcoal bums 
with beantitnl scintillations. In all 
these cases of combustion, the pro- 
ducts are oxides of the burning 
bodies. Some of these are add oxides 
ir acids. When iron wire is burned, 
' the product is the black oxide of iron, 
Fe.O. ; the burning phosphorus pro- 
duces phosphoric add (anhydrous) 
in solid white flakes, which dissolve in the water; sul- 
phurous acid gas, S0„ in produced from the sulphur, and 
carbonic acid gas, C6^ from the burning chareoal. Both 
the SO, and the 00, dissolve in the water. In all these 
cases chemical combination takes plac« between the oxvgen 
and the burning body ; -and the weight of these bodies is 
increased by the exact weight of the oxygen consumed. All 
the common cases of combustion whidi take place in air 
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are precisely the same as those which take place in oxygen. 
The action in pure oxygen is very energetic, owing to the 
absence of nitrogen. In the atmosphere these changes .take 
place in a more subdued manner. The respiration of 
animals is, in effect, the same as common combustion. 
The substances in the blood bum away slowly by the aid 
of the oxygen introduced into the system. The activity of 
oxygen never ceases, although the phenomena of combina- 
tion is not so marked as those just described. An ounce 
of iron rusting in the air, produces just the same amount of 
heat as if it had been burnt like the wire in oxygen. This 
slow combustion; unattended by light, extends over several 
years, while .the same result could be produced by pure 
oxygen (assisted at fii*st by heat) in a few seconds. 

The decay of animal and vegetable substances is a pro- 
cess of slow oxidation. The offensive impurities of the air 
and water are destroyed in a great degree by a slow process 
of burning. The lungs of land animals, and the gills of 
fish, are adapted to absorb o^gen, the animal from the air, 
and the fish fix)m the dissolved oxygen of the water. An 
animal confined in a given bulk of air dies as soon as the 
oxygen is consumed ; but if confined in the same bulk of 
pure oxygen, the circulation quickens, and fever and death 
are the results, not, however, as in the previous case, from 
deprivation of oxygen, but from an excess of that body, 
causing the animal to live too qmcMy, Such is a brief out- 
line of the relation of oxygen to animal life; its action 
seems destructive, yet it is the sustainer of life, the main- 
spring of all vital action. Oxygen may be distinguished 
from every other gas, except nitrous oxide, by plunging 
into it a taper which has jus|; been blown out ; if the smallest 
part is incandescent, it immediately bursts into fiame. 
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eULPHUR. BBIMSTONE. 

Symbol, S ; Equivalent, i6. 

At ordinarj temperatures this element is a pale yellow- 
er jstalline soUd. It is often found in a free state. Most of 
the sulphm* employed in this country comes from Sicily 
and other volcanic districts. In combination with iron, anti- 
mony, zinc, lead, copper, and other metals, as sulphides, it 
occurs abundantly in nature ; in union with oxygen as sul- 
phuric acid, it is found combined with lime, baryta, stron- 
tia, &c, as sulphates ; it is present in small quantities in all 
animal and vegetable substances. It exists in the albumeu 
of eggs. The blackening of silver spoons, used with eggs, 
is owing to the formation of the sulphide of silver. 

Sulphur melts at 2 30^, becoming a thin amber-coloured 
liquid ; when heated to 450*^ it thickens like treacle. In 
this state it may be poured from a flask into cold water, 
when it retains for some time a soft, flexible condition, like 
gutta percha ; this is the amorphous condition of sulphur. 
If it be raised to a temperature of 790^ it boils ; and if the 
vapour be conducted into a cold chamber it condenses in 
crystals known as sublimed sulphur^ or flowers of sulphur. 
The roll sulphur of commerce is formed by running it 
when in a melted state into wooden moulds. 

Sulphur in many of its chemical relations bears a close 
analogy to oxygen. Many of the oxides of the metals 
have corresponding sulphides ; these sulphides often unite, 
forming compounds analogous in composition to salts. 
There are probably seven oxygen compounds of sulphur — 

Sulphurous acid • • . . . SO, ^ 



Sulphuric acid 
Hyposulphurous acid 
Hyposulphuric acid . 
Sulphuretted hyposulphuric acid 
Bisulphuretted hyposulphuric acid 
Trisulphuretted hyposulphuric acid 



SOa 

SA 

SA 

SsO. 

SA 
SA 
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The two fifst only of these compounds will engage our 
attention. 

Sulphurous acid, SOg, — When sulphur is burned in 
oxygen, sulphurous acid, S0», is formed. It may also be 
prepared by heating equal weights of sulphuric acid and 
mercury or copper turnings. The sulphurous acid comes 
off as a colourless gas. It must be collected by displace- 
ment as its greit solubility in water will not admit of its 
collection at the pneumatic trough. The decomposition 
may be represented as follows : — 

i2(HO,S03) and Hg (or Cu) ^HgO.SOs (or OuO^SO.)-!- 

SO,+ 2HO; or, 

2(H,S0,)+Hg = Hg,SO,+2HO+S08. 

Sulphurous acid has bleaching properties, and is used for 
bleaching straw used in plaiting, and woollen goods. The 
platters in Bedfordshire suspend their plait in a tea chest, 
and set fire to some sulphur in an iron dish at the bottom ; 
the .top of the chest is then covered over with a sack. If 
blue violets, or any coloured flowers, be suspended in a 
jar of this gas, the 'colour is entirely removed. Litmus 
paper, dipped in a solution of sulphurous acid, is first red- 
dened, then bleached. It has also the power of arresting 
animal decomposition. 

Sidphuric add, HO, SOg. — This is a most important 
compound. It is extensively used in the manufacture of 
soda from common salt, also in the manufacture of chlo- 
rine, for bleaching, for dissolving indigo, dyeing, calico 
printing, and numerous other purposes. The hydrated 
acid, HOjSOg (HjSO^), has been known from the four- 
teenth century. It is now prepared by two methods : — 
1, from the distillation of the sulphate of iron, FeO, 
SOg -h 7H0, (green vitriol) ; and 2, by the oxidization 
of sulphurous acid with the vapour of hyponitric acid, 
NO4. The first method is that adopted on the Continent. 
The sulphate of iron is well dried,. and placed in a stone- 
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ware retort, which is raised to a red heat. The sulphuric 
acid comes over in combination with water. This acid, 
when strongest, contains two equivalents of anhydrous 
acid (anhydride) to one of water, HO,2SOs. It is mnch 
stronger than the English acid, and fumes in the air. It 
is called Nordhausen stdphuric acid. 

Anhydrous sulphuric acid (SOg) is a solid, and may be 
obtained by gently heating the strongest (llordhausen) acid 
in a retort provided with a receiver, surrounded by a freezing 
mixture. The vapour, on reaching the receiver, is con- 
densed into white silky crystals. It has no acid properties ; 
but, when thrown into water, it hisses like red-hot iron, and 
becomes converted into the ordinary acid. On exposure 
to the air, it liquefies by the absorption of moisture. 

The method usually adopted in the manufacture of sul- 
phuric acid depends on the formation of sulphurous acid, 
and its subsequent oxidation into sulphuric acid. Sul- 
phur is kindled in a furnace freely supplied with air; the 
flame of the sulphur heats a crucible containing a mixture 
of nitre and sulphuric acid, which evolves the vapour of 
nitric acid, (HOjNOj); this is conducted into a large 
leaden chdlknber accompanied with sulphurous acid gas 
formed from the burning sulphur, and a large quantity of 
unaltered atmospheric air. (See fig. 8.) The floor of the 
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chamber is covered with water, and a jet of steam plays 
into it. At the end of the chamber an exit tube is pro- 
vided for the spent gases. By this arraogement a constant 
supply of sulphurous acid, nitric add, water, and atmo- 
spheric air is provided. 
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The following changes take place in the leaden cistern : 
— At first a portion of the vapour of nitric acid gives 
up part of its oxygeo to a portion of sulphurous acid, con- 
verting it into sulphuric acid, and becoming itself reduced 
to binoxide of nitrogen. This change may be thus repre- 
sented: — 

HO,NO,+3SO,+3HO = 3(HO,SO),+NO,+HO. 

This NO, in contact with the current of atmospheric air 
continually passing through the chamber, takes two equiva- 
lents of oxygen, and becomes converted into hyponitric 
acid, NO4 (not again to NO5). The NO4 in turn parts 
with two equivalents of oxygen to a fresh portion of SOg, 
oxidizing it into sulphuric acid, and becoming again reduced 
toNOg. 

N04+2SO,+2HO = 2(HO,SOs)+NO,. 

A small quantity of NO4 is thus sufficient to convert a 
large quantity of sulphurous acid into sulphuric, the pre- 
sence of water being in all cases necessary to the change. 
The NO4 plays the part of carrier between the oxygen of 
the air, and the sulphuroiis acid. At intervals the acid is 
drawn off from the floor of the leaden chamber, and is 
deprived of any excess of water by evaporating in shallow 
leaden pans. 

Sulphuric acid has a great affinity for water. Gases are 
frequently dried by being transmitted through this acid. 
The nitrate of baryta, or the chloride of barium, is a test 
for sulphuric acid, or any soluble sulphate. 
A wljite precipitate is formed, which is in- 
soluble in nitric acid. 

Sulphuretted hydrogen, or hydrosulphuric 
acid, HS. — This compound of sulphur and 
hydrogen is very useful in the laboratory. 
It may be prepared by the action of di- Fig. 9. 
lute sulphuric acid on the protosulphide of iron. The 
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apparatus for hydrogen may be used. (See fig. 9.) The 
change may be expressed thus : — 

FeS + H0,S03 = HS +Fet),SO, ; 
or, (FeS+H.SO^ = HS+Fe,S04). 

Sulphuretted hydrogen, at the common temperature, is 
a gas very soluble in water, having a most disagreeable 
odour, and very deleterious to animsd life. If a jar of this 
gas is kindled, it biu'ns with a blue flame, depositing sul- 
phur. When mixed with chlorine, the whole of the sul- 
phur is liberated. Cold water dissolves its 
own voliune of this gas, and the solution is 
kept as a test. For this purpose the ap- 
paratus shown in fig. 10 may be used. 
It soon spoils by absorption of oxygen, and 
is be^t prepared as wanted. Jars of this 
gas may be collected over warm water; 
but the pneumatic trough, or any painted 
^**^®' vessel, must not be used, as it will be 
blackened by the formation of a metallic sulphide. This 
gas is a frequent natural product. It occurs in the Harro- 
gate waters, and is a constant product of the decay of 
animal and vegetable matter. It has the properties of an 
acid ; reddens litmus, and is called hydrosulphuric acid^ 
which must never be confounded with hydraJted sulphuric 
acidf HCSOg. A piece of white blotting paper, dipped 
in a solution of acetate of lead, is immediately blackened 
by the smallest trace of this gas. This method is fre- 
quently adopted to test the purity of coal gas. When it 
occurs in apartments or drawers, it may be entirely de^ 
stroyed by chlorine. Silversmiths usually burn their gaS 
outside, owing to the sulphuretted hydrogen always pre- 
sent in small quantities in coal gas, blackening the silver 
by the union of the sulphur with that metal. 
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SELENIUM. 
Symbol, Se; Combining Equivalent, 39*5. 

This is a rare substance, analogous to sulphur, and 
forming seleniates, which exactly resemble the sulphates. 
It forms three compounds with oxygen : — 

Oande of sdemum, SeO. — A gas ; has the smell of horse 
radish ; not acid ; and slighty soluble in water. 

Selenums acid, SeO,. — This is analogous to sulphurous 
acid. 

SeUrm acid, HOjSeOa.— The hydrated acid resembles 
sulphuric acid. 

SECOND DIVISION. 

CHLORINE. 

Symbol, CI; Combining Equivalent, 35 '5. 

This element is very abundantly diffused throughout 
nature. In combination with the metal sodium, it forms 
common salt. It is never found in its free or uncombined 
state. At ordinary temperatures, it is a gas of a greenish- 
yellow colour; and in very small quantities has an odour 
like sea water ; but in large quantities, it produces violent 
coughing and irritation. It is prepared by mixing, to the 
consistency of cream, strong hydrochloric acid, and the 
black oxide of manganese. Care should be taken that 
every part is well mixed, so that no dry place appears 
inside the retort or flask, or fracture is most likely to 
result. A gentle heat should now be applied, when the gas 
comes over in abundance. It should be collected over 
warm water, as cold water absorbs about twice its volume ; 
or it may be collected by displacement, like carbonic acid. 
The reaction is easily understood : — 

2HCI + MnO, = 2HO + MnCl + a 

Chlorine has little affinity for oxygen; it combines 
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readily however with hydrogen and the metals. If a 
lighted taper be immersed in a jar of the gas, it burns with 
a dull red light, with an abundant evolution of carbon, in 
the form of tonoke. If a piece of blotting-paper be soaked 
in turpentine, and placed in ajar of chlorine it bursts into 
flame. In both these cases, the chlorine combines with the 
hydrogen to form hydrochloric acid, to the exclusion of the 
carbon, which fells as soot — a very good illustration of the 
superior affinities of chlorine for hydrogen. 

Phosphorus combines with chlorine spontaneously, but 
the flame is very feeble. Copper-leaf, powdered antimony, 
and arsenic, all undergo spontaneous combustion in chlo- 
rine. If equal volumes of hydrogen and chlorine be intro- 
duced into a suitable apparatus, and an electric spark sent 
through the mixture, combination takes place with great 
violence. The direct rays of the sun produce a similar 
union. The most remarkable property of this gas is its 
power of destroying organic colouring matters. A solu- 
tion of indigo, which is not affected by strong sulphuric 
acid, is changed into a brown liquid by chlorine, to which 
the original colom* cannot be restored. In a perfectly dry 
state, chlorine has no bleaching properties. When in 
solution, it may be poured into test-glasses, containing 
infusions of litmus, purple cabbage, turmeric, carmine, 
cochineal, &c,; the colour of these substances will be 
removed. When bleaching is practised on a large scale, 
a combination with lime is used called bleaching powder. 
The outline of this process can be easily imitated. The 
bleaching powder is mixed with warm water, and the 
solution filtered. Any piece of coloured calico may be 
taken, providing its tint is due to some organic colouring 
matter. It may then be washed in the filtered solution. 
The liquid bleaches but slightly; but if it be removed 
from the bleaching bath, and rinsed in a bath of dilute 
sulphuric acid, and this process carried on a few times 
alternately, the whole of the colour is removed. Tlie 
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chlorine, when in combination with the lime, is compara- 
tively inactive ; but whea dipped in dilute acid the lime 
combines with the acid, and the chlorine in the presence 
of water is set free, and manifests its bleaching properties. 
An experiment illustrating this property may be performed 
in the following manner. A piece of cotton, dyed with 
madder, or any organic colouring matter, may have any 
pattern or device stamped upon it, or painted with a mix- 
tare of gum and tartaric acid. The cloth is dried, and 
afterwards rinsed, in a hot solution of bleaching powder. 
A white pattern on a coloured ground is developed in 
consequence of the acid mixed with the gum liberating the 
chlorine, and destroying the colour in those parts upon 
which the pattern was printed. The other parts of the 
cloth are not sensibly affected. 

Chlorine is used as a disinfectant and deodorizer, that 
is, it destroys infectious and unpleasant and offensive 
odours. The chlorine is usually evolved from chloride of 
lime, which is dissolved in hot water, and a little vinegar 
or dilute sulphuric acid added to liberate the gas. 

Hydrochloric add, HCl. — This is a most important acid. 
Hydrochloric acid gas is prepared by heating in a properly- 
arranged flask a mixture of common salt, a litde water, 
and sulphuric acid. It must be collected by displacement, 
or over mercury. It is colourless, fumes when in contact 
with the atmosphere, and is very soluble in water ; one 
cubic foot of that liquid dissolving about 480 cubic feet 
of gas. A solution of this gas is the acid usually known 
as muriatic or hydrochloric acid. It may be ^prepared by 
mixing equal weights of dry common salt and sulphuric 
acid in a flask, and applying heat ; the gas after being 
purified by passing it through a wash-bottle, is conducted 
from thence into distilled water, by which the gas is ab- 
sorbed. The reaction is easily understood : — 

NaCl + HO,SO, = NaO,SOs + Ed ; 
or, (Naa + H,S04 = Na,SO,+HCl). 
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A noixtnie of nitric and hydrochloric acid is called aqua 
regia^ from its property of dissolving gold. 

The presence of any aolable chloride, or hydrochloric 
ac:id, may be detected by adding a solution of the nitrate 
of silver, when a white curdy precipitate is produced, 
insoluble in nitric acid : — 

NaCl+AgO,N05=: Na,0,N0,(80luble)+AgCl (insoluble), 
or, (NaCl-f Ag,NOe «Na,NO,+ AgCl). 

There are five compounds of oxygen with chlorine : — 
Hypochlorous acid . . . .CIO 



ClOa 

CIO^ 



CIO, 
ClOy 



Chlorous acid 

Hypochloric acid 

Chloric acid 

Perchloric acid 
C10„ CIO4, and ClO^ are obtained from chloric acid. 
The other compounds are obtained by the action of chlo- 
rine on metallic oxides. 

Hypochlorous acidy CIO, is a ydlow gas, has very 
powerful bleaching properties, and may be prepared by 
adding the powdered red oxide of mercury to a bottle of 
chlorine containing a little water. The bottle should be 
briskly shaken for a few moments. Part of the oxvgen of 
the HgO combines with part of the CI to form CIO, which 
dissolves in the water, while the remaining CI forms, with 
the Hg and HgO, an insoluble compound, called the oxy- 
chloride of mercury ; thus — 

2HgO+ 2CI = HgCl,HgO+ CIO. 

Chlorous acid, ClOg. — This compound is very difficult 
of preparation, and not very important 

Hypochloric acid, CIO4, sometimes called the peroxide of 
chlorine. — This acid may be prepared by carefully mixing 
concentrated sulphuric acid and the chlorate of potash into 
a thick paste. After it has cooled it should be cautiously 
introduced into a green glass retort, and very slowly heated 
by placing the retort in water, and gently raising the 
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temperatare of the water by a lamp or other source of 
heat ; a green-yellow gas comes off, which is hypochloric 
acid, CIO4. It must be collected by displacement, as it is 
very soluble in water, and mercury decomposes it 

This compound is very explosive. At a temperature 
below boiling water it is resolved with great violence into 
oxygen and chlorine ; henee the care required in its pre- 
paration. Decomposition : — 

3(KO,C10,)+2(HO,S08) = 2C104+IiO,C10y+ 
2(KO,S03)+2HO. 

If a mixture of chlorate of potash and loaf sugar, both 
in powder, be placed on a plate and touched with a glass 
rod previously dipped in sulphuric acid, it is instantly set 
on fire. In this experiment the hypochloric acid, CIO4, is 
disengaged with such violence as. to cause combustion. 

If half a teaspoonful of chlorate of potash and a few 
chips of phosphorus be placed in a deep test or ale-glass 
nearly filled with water, and a little sulphuric acid added 
by a small funnel which reaches to the bottom of the glass, 
the phosphorus will burn under water from the oxygen of 
the disengaged hypochloric acid. 

Chloric acid, CIO5, forms, in combination with bases, 
salts of considerable importance, especially the chlorate of 
potash. If a current of chlorine be sent through a mode- 
rately warm solution of caustic potash, and the liquid, 
when saturated with the gas, concentrated by evaporation, 
crystals of chlorate of potash are obtained. In tiiis reac- 
tion a part of* the potash, KO, is decomposed, its oxygen 
uniting with part of the dilorine to form chloric acid, and 
the |X)tassium forming, with another portion of chlorine, 
chloride of potassium. 

6KO+6C1 = K0,C10,+ 5KC1 ; 
or, (6KO+6a = K,a0«+5KC1). 

From the chlorate of potash chloric acid is obtained, 
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by boiling with a solution of hjdrofluosilicic acid. The 
process is tedious, and requires care. 

Perchloric add^ ClO^ is obtained from the perchlorate of 
potash, K0,C10y. 

The chlorates in solution give no precipitate with nitrate 
of silver. When heated they evolve oxygen ; and if treated 
with sulphuric acid they evolve the characteristic jellow 
gas as mentioned under hypochloric acid. 

• BROMINE. 

Symbol, Br; EquivcHenit 78*26. 

This element is found in sea-water. At ordinary tem- 
peratures it is a brownish-red liquid, having a disagreeable 
odour, closely resembling chlorine and iodine in character. 
It is found in combination with magnesium in sea-water, 
as the bromide of magnesium, MgBr. It is obtained by 
agitating any solution of bromine with ether. After the 
less soluble salts have been separated, a stream of chlorine 
is sent through the solution, which decomposes the bromide 
of magnesium /and ether being added, dissolves the liberated • 
bromine. The liquid is transferred to a retort ^with a 
receiver, and heat applied, when the bromine condenses in 
the cold part of the retort and receiver. Bromine, when 
associated with water has bleaching properties. 

Hydrobromic add, HBr, is analc^ous to hydriodic acid, 
has nearly the same properties, and may be prepared by 
substituting bromine for iodine, in the preparation of hy- 
driodic add. 

Till lately there was only one known oxide of bromine, 
bromic add, BrO,, which is prepared by adding bromine 
to a solution of caustic potash, until all alkaline properties 
are destroyed. The change is the same as that described 
under chloric acid. 

A few months ago a compound resembling CIO was 
discovered,' and on analysis found to have the formula 
. BiO — ^hypobromous acid. 
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IODINE. 

Symbol, I; Combining Equivalent, 127. 

At ordinary temperatures, iodine is a bluish-black me- 
tallic-looking substance, having the appearance of scales of 
black lead. It occurs chiefly in combination with soidium 
and potassium in sea-water.* It is a constituent of marine 
plants and animals. It is chiefly prepared from the ashes 
of sea-weeds, called kelp. The ashes are mixed with 
water, filtered and evaporated, until the solution is reduced 
to a very small quantity : the salts of sodium, potassium, . 
and magnesium being removed as they crystallize. The 
mother-liquor left after the removal of these salts, contains 
the iodine in combination with magnesium and sodium. 
This is placed in a leaden retort with sulphuric acid and 
the binoxide of manganese. On the application of heat the 
iodine distils over as a dark purple vapour, which is con- 
densed. This process may be imitated by placing in a 
retort connected with a receiver, a solution of the iodide 
of potassium, a little powdered binoxide of manganese, and 
sulphuric acid: on the application of heat, a beautiful 
violet vapour passes over, which condenses in the cold 
part of the retort and receiver in small shining scales. 
Decomposition ; — 

KI+MnO, + 2(H0,S08) = KO,SO« + MnO,SO, + 

2HO + I; 

or, (KI + MnOj + 2(H,S04) = K,SO^ + Mn,SO^ + 

2HO+I). 

Iodine stains the skin ; it acts . violently on the animal 
system, and is used in medicine. 

When iodine is free, it produces a splendid blue colour 
in contact with starch. If any soluble iodide be first 
liberated with a little chlorine water, it is then capable of 
. producing the characteristic colour with starch, 

F 
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Iodine forms with oxygen two acids, iodic acid^ 10,, and 
periodic acid, lOj. 

In combination with hydrogen it forms an acid known 
as hi/driodic acidy HI. This acid is a gas, but it may be 
obtained in solution by passing sulphuretted hydrogen 
through water in which powdered iodine is suspended. In 
this case, the sulphur of the sulphuretted hydrogen is 
liberated, and the hydrogen combines with the iodine, 
forming hydriodic acid. HS + I = HI + S. The 
liquid is warmed, filtered, and a colourless solution of the 
acid is obtained, which soon becomes of a brown colour on 
exposure to air, by its decomposition into free iodine and 
water, HI + O = HO + I. 

Iodine dissolves freely in alcohol. If a polished silver 
plate be held over the vapour of iodine, it first becomes 
yellow, then vi©let, and then a deep blue, owing to a com- 
bination of the iodine with the silver. The iodide of silvej 
thus formed is decomposed by light. 

FLUOBINB. 
Symbol, F; Equivaleat, 18*9. 

Owing to the powerful affinities of this element for the 
metals, also for silicon and hydrogen, it has never .been 
isolated. Its most frequent combination is with calcium, 
as the fluoride of calcium, CaF, or fluor-spar. It exists, 
also, in a state of combination, in the bones and teeth of 
animals. So far as it has been examined, it is said to be 
a gas, like chlorine. 

There is no known oxygen compound of fluorine ; but in 
combination with hydrogen, it forms an acid known as 
hySroflwmc acid, HF. To obtain this compound, the 
powdered fluoride of calcium is heated with concentrated 
sulphuric acid in a platinum or lead retort connected with 
a receiver of the same metal, kept cool by being sur- 
rounded wiih a freezing mixture. A volatile, colourless 
liquid is obtained, which emits suffocating white fumes in 
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the sir. It unites nvith water, and very dilute solutions 
attack glass. It has, therefore, to be kept in leadoi, or 
gutta-percha bottles. 

The decomposition is easily explained r— - 

CaF+HCSO, = HF + CaO,SO,; 

or, (CaF+H,S04 = HF+Ca,S04). 

If the concentrated acid be dropped upon the skin, it 
occasions ulcers of a very malignant and dangerous kind. 
Hydrofluoric acid is used to etch or engrave letters on 
glass. The glass to be operated upon is first covered with 
bees'-wax, and the lines to be etched scratched through 
with a needle* The glass is then exposed to the action of 
the vapour of hydrofluoric acid, or the acid is poured upon 
it in a liquid state. Where the glass is unprotected with 
wax, it is corroded. It is in this manner that thermo- 
meters, and other glass vessels, are graduated. The power 
of the acid to etch glass may be observed by having a 
leaden saucer, into which some powdered fluor-spar and 
sulphuric acid are placed. The glass to be etched is 
first covered with a coating of wax, and the device drawn 
upon it with a penknife so as to remove the wax from 
those parts to be etched. The glass which should cover 
the leaden saucer is now placed on the top, with the 
waxed side downwards. The saucer should now be gently 
heated, care being taken that the temperature does not 
rise sufliciendy to melt the wax. In a few minutes the 
glass may be removed and cleaned with a little hot tur* 
pentine, when it will be found to be etched* 
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NITBOQEN. 

Symbol N ; Combining Equival&fd, 14. 

This gas is without taste, odour, Or colour, rather lighter 

than common air, and distinguished from all the other 
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gases bj its negative properties. It fbnns bjr volame t- of 
the almoepbere, and enters into a variety of combinatiotis, 
NitiogcD exists in the vegetable kingdom. It is probably 
derived from the aminonia of the atmosphere. It is a 
constituent of mnscular tissue to the extent of about 1 7 
per cent. It is not found in the mineral crust of the 
earth, exc^t in some kinds of coal. 

Nitrogen may be prepared, i. By 
burning a small piece of phos- 
phorus in a confined portion of 
common air under a gas jar stand- 
ing over water, by which phos- 
phoric acid is produced, and the 
nitrc^n liberated. The whits 
' solid flakes of phosphoric acid are 
dissolved in the water over which 
"•■"■ the jar is placed. (See fig. 1 1). It 

must stand till thejar has J:>ecome dear. Theoryof change: — 

■^"^ \ Nitrogen -^--s^Nitrogen. 

Phosphorus Phosphoric acid. 

3. By pas^ng chlorine through a solution of ammonia : 

jCl -f- NH, = 3HCI + M free. 
3. By mixing iron filings and sulphur with water, and 
allowing the mixture, to remain under a gas jar for twenty- 
four hours. The oxygen of the attnospher? is absorbed 
and the nitr<^;en set free. 4. By treating nitric add with 
lean butcher's meat in a retort. This change is not well 
understood. 

The atmosphere, which is the great storehouKe of ni- 
trogen, is composed of a mixture of nitrogen and oxygen, - 
' with variable proportions of carbonic acid, aqueous vapour, 
and traces of ammonia. 

The analysis of common air may be effected in the 
following manner : — Introduce, by means of a wii«, into a 



KITBOQfiN. 53 

gradnated tube standing over wateff, a piece of phosphorus. 
The known quantity of air can be determined by observing 
the water point in the graduated tube. The arrangement 
should now be left for twenty-four hours. The whole of 
the oxygen will be absorbed by slow combination with 
the phosphorus. The remaining gas may now be read off, 
which is nitrogen. Another plan is to mix air with hy- 
drogen, and explode by an electric spark ; the hydrogen and 
oxygen combine, and the remaining volume of gas is read oft*. 

Nitrogen is not combustible, nor is it a supporter of 
combustion or respfration ; it is destitute of any acid or 
alkaline reaction. It is estimated that six tons of air pass 
through a blast furnace every hour. While the oxygen is 
most active in forming new comix)unds the nitrogen escapes 
unchanged. Its chief function is to modify the violent 
action of the oxygen, and render the atmosphere suitable 
to the wants of life. 

There are five compounds of oxygen and nitrogen, which 
may be taken as a good illustration of the law of multiple 
proportions in chemistry ;— 

Protoxide of nitrogen NO 

Binoxide of nitrogen N0« 

Nitrous acid N0» 

Hyponitric acid NO4 

Nitric acid NO5 

The protoxide of rdtrogen NO, is sometimes called 
laiKghing-gas, frona the peculiar exhilarating effects pn> 
dnced when^ inspired. It is prepared by heating moderately 
in a retort the nitrate of ammonia. Four ounces of salt 
produce one cubic foot of gas. It should be colkcted over 
warm water, and care should be taken that the salt is pure. 
The change which takes place is illustrated by the follow- 
ing equation : — 

NHANO, = 4HO 4. 2NO. 
(NH^NO, = 4HO -f. 2NO). 

F 2 
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Nitrous oxide is a supporter of oombostion. The in- 
halation of this gas is sometimes attended with serious 
results. 

The Unoxide of nitrogen NO^, may be prepared by in- 
troducing into the hydrogen apparatus some copper turn- 
ings, a little water, and nitric add, added by the funneU 
The gas may be collected over water : — 

3CU + aNO* = 3(CuO,NOj) + NO,. 
(3CU + 4H,N0, = 3Cu,N0, + 4HO + NO,). 

The gas obtained in this manner is' colourless and trans- 
parent ; but in contact with air or oxygen it produces deep 
red fumes, which are sufficient to distinguish it from all 
other gases. This may be beautifully illustrated by passing 
some binoxide of nitrogen into a gas jar containing oxygen, 
standing over the pneumatic trough, or allowing the fumes 
to pass into the atmosphere. 

Nitrous addy NOg. — When four volumes of dry bin- 
oxide of nitrogen are mixed with one volume of dry oxygen, 
and exposed to as low a temperature as can be obtained 
by freezing mixtures, a thin mobile liquid of a green colour 
is produced. This is nitrous acid, NO,. 

Hypomtric acid, NO4. — If nitrate of lead be heated in a 
retort of hard glass it is decomposed into the protoxide of 
lead, oxygen, and hyponitric acid. It may be collected in 
a receiver surrounded with a freezing mixture. 

Great obscurity hangs over these two com|x)unds of 

nitrogen and oxygen. The red fumes produced when the 

, binoxide of nitrogen comes in contact with oxygen are 

chiefly due to the formation of hyponitric acid. Other 

oxygen compounds are also formed. 

Nitric add, H0,N05 (H,NOa). — Known as aquafortis, 
and one of the most important compounds of nitrogen. 
In hot dry climates, the soil is sometimes covered witii a 
white, downy-looking salt. When this salt is collected, 
dissolved, filtered, and crystallized, it produces the nitre or 
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€taltpetre of commerce : it is a compound of potash and 
nitric acid. To obtain nitric acid from this salt, mix equal 
weights of sulphm'ic acid and nitrate of potash in a glass 
retort, cover the receiver, which may be a Florence flask, 
with a wet cloth, and apply heat. Eed fumes at first rise 




. Fig. 12. 

in the retort, and pass to the receiver; these fames 
gradually disappear, and a pale yellow liquid collects in 
the receiver, which is nitric acid. Decomposition : — 

K0,N05 + HO,SO» = KO,SOs + HO,NO,. 
(K,NOe + H,SO, = K,SO, + H,NO.). 

On a large scale earthen retorts and condensing vessels are 
used, and nitrate of soda substituted for nitrate of potash. 
. Pure nitric acid is a colourless liquid. It fumes when 
exposed to air. It is partially decomposed by light. It 
is intensely acid, and reddens vegetable blues. It stains 
the skin and nails yellow, and is used for producing yellow 
colours on silken fabrics. It is also used for assaying, and 
as a solvent for tin in calico printing. It is a powerful 
oxidising agent, attacking most of the metals with great 
violence. 

The anhydrous acid (anhydride) NO,, is a volatile 
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solid, crystallizing in brilliant oolourkss prisms. It decom- 
poses at a temperature a little above that of boiling water ; 
yielding hyponitric acid and oxygen. It does not, how- 
every possess acid properties till it is dissolved in water, 
when it forms ordinary nitric acid. 

N0» -f. HO = HO,NO, or, (H,NOe). 

Nitric acid forms a series of salts, all of which are solu- 
ble in water. After a thunderstorm, nitric acid, in small 
quantities, has been detected in rain water. It is supposed 
by some, to be produced in the air by electricity. 

When nitrates are heated with an excess of hydro- 
chloric acid they are converted into chlorides, with the 
formation of hyponitric acid and the dlsengs^ement of free 
chlorine. 

KCNO* + 2HCI = Ka + 2HO -f. NO4 + CL 

When paper is soaked in a solution of potash, and 
dipped in nitric acid it becomes touch-paper. Cotton, 
soaked in nitric acid, washed and dried at a temperature 
not exceeding 120^, forms gun-cotton. The low tempera- 
ture at which it explodes has prevented its substitution for 
gunpowder. 

PHOSPHOBUS, 
Symbol, P ; CoTabimng Equivaleni, 31.^ 

This substance was discovered by the alchemists two 
hundred and fifty years ago. At ordinary temperatures it 
is a solid, waxy-looking substance, easily cut with a knife. 
It is poisonous. In the dark it shines with a feiint blue 
light, and is highly combustible, often takmg fire with the 
slightest touch or fiiction. Phosphorus is always kept 
under water, and great care is required in experiments 
with itr 

Phosphorus is prepared from bones ; they are first well 
calcined, reduced to powder, and mixed with two thirds 
their weight of dilute sulphuric acid ; after some time the 
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mixhiro is filtered. The sulphate of lime which has been 
formed by the sulphm'ic acid is a very insoluble compound 
and easily separated on the filter. The liquor is then eva- 
porated to the consistence of treacle j mixed with charcoal 
powder, and transferred to an iron vessel which is raised to 
a high temperature till all moisture is expelled. Afler 
this mixture has been thoroughly dried it is heated in a 
stoneware retort, from which a large tube dips into water 
contained in the receiver. The phosphorus distils over 
in a soft condition, and is inoulded in hot water into cylin- 
drical sticks. The change which takes place in the retort 
is easily understood. Phosphoric acid (anhydrous), con- 
tains one equivalent of phosphorus and five equivalents of 
oxygen. The oxygen combines with five equivalents of 
carbon, forming carbonic oxide, which escapes :— 

PO5 + 5C = P + 5CO. 

The phosphates play a very important part in the solid 
structure of animals, giving stiffness and rigidity to the 
bones. The dried skeleton of a man weighs about 10 or 
1 2 lbs., and contains about 2 lbs. of phosphorus. Traces 
of phosphorus have been found in the brains, flesh, and 
blood of all animals. There is an important modification 
of phosphorus discovered by Professor Schrotter, called 
aUotropic phosphorus, in which state the active' properties 
of ordinary phosphorus are suspended; it is of a brick- 
red colour, insoluble in bistdphide of carbon, does not 
become luminous in th& dark, has no tendency to combine 
with oxygen, is not poisonous, and 'may be carried about 
without fear. * 

Phosphonis is largely used for the manufacture of lucifer 
matches. As the phosphorus would be likely to ignite by 
exposure to the atmosphere, it is mixed up with glue or 
gum water. The ends of the matches are first dipped in sul* 
phur, then into the phosphonis solution, and afterwards into 
a thick mixture of chlorate of potash or nitre, or some other 
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sabstanoe rich in oxygen ; tbey are then removed to a stove 
and carefully dried. About 200,000 to 250,000 lbs. of 
phosphoros are used annually in London in the manuiac- 
tare of these matches. When the surface of the match is 
broken by friction the phosphorus first takes fire; this 
inflames the sulphur, which ignites the wood ; the crack- 
ing noise is owing to t^e chlorate of potash. 

There are three well-known compounds of phosphorus — 

Hypophosphorous acid .... PO 

Phosphorous acid PO, 

Phosphoric acid PO5 

The first of these compounds is not of much interest; it is 
a powerful deoxidising agent, and is rather difiicult of 
preparation. 

Phosphorous acid (anhydride PO,) is formed by the 
slow combustion of phosphorus in a limited supply of air. 

Take a gla^ tube, about one foot long and half an inch 
in diameter; at about two inches from one end bend the 
tube at an obtuse angle, drawing the end of the shorter 
limb out into a conical shape, leaving an aperture about 
the size of a pin's point. Into the bent end of this tube, 
at the angle, place a small piece of phosphorus carefully 
dried by folding it in blotting-paper. Gently heat the 
tube over where the phosphorus lies by means of a spirit 
lamp^ when the phosphorus will take fire and burn with a 
greenish flame. Only a small quantity of air enters the 
tube through the small aperture. • The acid condenses as 
a white powder in the upper cold part of tlte tube. This 
is solid anhydrous phosphorous acid (phosphorous anhy- 
dride POs). It may also be prepared in combination with 
water from the teriodide of phosphorus, PI^. To prepare 
this iodide of phosphorus, place a small piece of dry phos- 
phorus in a test-tube» cover it with about eleven times its 
weight of iodine; the two bodies combine energetically 
without any appUcation of heat. Tliis is a singular ex- 
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periment, in which two solid bodies oorabine chemtcallj. 
After the action is over, water is added, when the follow- 
ing decomposition takes place: — Pig + S^^O = POg + 
3 HI; phosphorous acid and hydri^dic acid. The liquid is 
heated till all the hydriodic acid has volatilized, and a 
solution of phosphorous acid is left, 3HO,P08, orHa,PHO„. 

Phosphoric acid (anhydride, PO4) is obtained when 
phosphorus is burned under a bell jar or in oxygen. It is 
like snow, but, in consequence of its attraction for water, it 
soon dissolves, and, when it once becomes the hydrated 
acid, the water cannot be separated. Liquid phosphoric 
acid may be prepared by adding little bits of phosphorus to 
nitric acid in a retort provided with a receiver ; by this 
process the glacial phosphoric acid of the pharmacopoeia is 
prepared : it is rather a troublesome and dangerous method. 

Phosphoric acid may also be obtained by adding sul- 
phuric acid to bone eartii, precipitating with the carbonate 
of ammonia, and separating the lime salt by filtration, 
then evaporating and igniting in a platinum crucible ; the 
sulphate and phosphate of ammonia volatilize ; hydrated 
phosphoric; acid remains behind. The most advantageous 
manner is the iii'st process ; namely, to bum phosphorus 
in a stream of dry air, and dissolve the solid PO^ in 
water. 

Phosphoric acid is not poisonous; it is, however, a 
powerful, acid, reddens vegetable blues, and unites with 
bases to form a large and important class of salts. 

There are three distinct modifications of this acid, sup- 
posed by some chemists to be different hydrates of the 
body PO5, and hence called respectively the monohydrate, 
H0,P05, the bihydrate 2H0,P0j, and the tritohydrate, 
3HO,P04. There are, however, difficulties in the way of 
this h3rpothesis. It is more probable that the view put 
forward by Liebig, and now held by very many eminent 
chemists, is the true one. Instead of these Ixxiies being 
regarded as different hydrates of the same compound, they 
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are looked upon as the hydrogen compouDds of three dis- 
tinct compound radicals (see p. i8), which may^ under 
certain circumstances, become converted into each other; 
and their constitution is expressed by the formulae H,POa ; 
HfjPOy; HjjPOg; respectively. Bearing in mind what 
was said of the theory of acids and salts at p. 19, 20, it will 
be seen at a glance that the hydrogen in these acids may be 
replaced by one, two, and three equivalents respectively 
of basic radicals; hence they are designated monobasic j 
hibasio, and tribasic phosphoric acid. The salts of the 
numobasic acid have the general formula M0,P05, or M,PO«; 
the hibasic acid forms two series of salts, one containing 
two equivalents of metal, aM0,P05, or MgPO,, and the 
other containing one equivalent of a metal and one of hy- 
drogen, M0,H0,P05 or M.HjPOy. The tribasic acid forms 
three series of salts, as follows : — 3MO,P04, or M8,P08 ; 
aM0,H0,P05, or M.H,P08 ; M0,2H0,P0», or M,H„POa. 
The following table exhibits the constitution of the phos- 
phates of soda according to both views : — 

Monobasio Acid, 
Old View. New View. 

NaO,PO» ; Na,POe. 

Btbasic Acid. 

Old View. New View. 

2NaO,P05 Na^POy. 

NaO,HO,P05 Na,H,P07. 

Tribasic Acid. 
Old View. New View. 

^NaOjPOj Na8,P08. 

2NaO,HO,P05 Na,H,P08. 

NaO,2HO,P05 Na,H8,P08. 

The hydrogen in the bibasic and tribasic acids may be 
replaced wholly or partially by different metals ; the phos- 
phate of magnesia and ammonia, for example, contains both 
magnesium and ammonium, 2MgO,NH40,P05, or Mg,NH^, 
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POg ; microcosmic salt contains both sodium, ammoninra, 
and hjdrc^en, NaO,NHAHO,P05, or Na,NH„H,POs. 

Salts of the monobasic acid produce in silver solutions a 
white granular precipitate; bibasic salts give a white 
flaky precipitate, and tribasic salts a yellow precipitate in 
the same circumstances. 

Phosphuretted Ej/drogen, VH^ — This gas has a most 
disaigreeable . odour, resembling garlic ; it is poisonous, 
slightly soluble in water; it precipitates several of the 
metals, but has no acid or alkaline properties. It may be 
prepared by heating in a small retort hydrated phosphorous 
acid, which is decomposed into phosphuretted hydrogen 
and hydrated phosphoric acid— 

4(3HO,I>03) = PH, + 3(3HO,PO,) ; 
or, 4(H„PH0.) = PH. + 3(Ha,P0B). 

It is more commonly prepared by boiling in a small retort 
sticks of caustic potash, water, and phosphorus ; the retort 
should be nearly filled, and provided with a long tube which 
should dip into water from the commencement of the opera- 
tion/ and heat gently applied. (See fig. 13). The gas soon 




Fig. 13. 

comes off with .a slight explosion m ihe retort, attended 

o 
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with the rnshlng of the water along the tube. It ' is to 
prevent any accident that the tube should be long eiioagh 
to prevent the water entering the retort : as soon as the 
oxygen is consumed all danger is over. As the gas escapes 
through the water into the air, it takes fire and changes 
into wreaths of white smoke. The preparation of this gas 
is a very beautiful experiment. The potash acts merely by- 
its presence in determining the decomposition. 
The change may be represented thus — 

4P + 3(K0,H0) = PHg + 3(K0,P0). 



FOURTH DIVISION, 

CARBON. 
Symhoil, C ; Equivalent, 6. 

This element, in one state or another, has been trnown 
from the earliest time. It occurs in nature as the diamond, 
and graphite or black lead. Charcoal, coke, bone black, 
soot, and lamp black, are artificial varieties of carbon. In 
combination with oxygen it forms two compounds, car- 
bonic oxide and carbonic acid. The latter compouncl in 
union with lime, magnesia, &c., as carbonates, forms rocks 
which constitute a large portion of the crust of the globe. 
In combination with nitrogen, hydn^en, and oxygen, it 
enters largely into the composition of all animal and vege- 
table substances. 

The purest £>rm of cai*bon is obtained by exposing 
animal or vegetable substances to heat, carefully excluding 
the atmosphere during the operation. This process is 
now usually performed ini laige iron retorts, somewhat 
similar to those which are used for making common gas. 
The specific gravity of the charcoal varies with the wood 
from which it is manufactured. 

Charcoal is very combustible, and is extensively used on 
the Continent for foeU Wh^ perfectly pure it Imm 
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without flamew It is a veiy indestructible and uncbaogeable 
substance. Wooden piles driven into the earth are usually 
chan'ed to prevent decay. Charcoal has the power of con-» 
densing in its pores different gases. It has been found to 
absorb ninety times its bulk of ammonia, and thirty- 
Bve times its bulk of carbonic acid. It is this property 
which makes it useful as a deodoriser. Charcoal when 
newly prepared restores meat slightly tainted, either by 
being boiled with it ok rubbed over it. It thus removes, 
all offensive odours, and checks putrefaction. Rats buried 
in powdered charcoal yielded no unpleasant effluvia when 
opei^ afler three months. Water is purified by passing 
it through filters colf^tructed of layers 6f charcoal and sand* 
Black cvayons are made from the charcoal c^ the willow. 
The charcoal used In the manufacture of gunpowder is made 
from dogwood or elder. Common l»tumJDOUB coal is not 
carbon : it is a combination of many complex tmdons of 
carbon and hydrogen^ Heat expels the volatile parts, and 
we have liefl coke, which ia a mixture of carbon » with 
small quantitiea of metallic oxides* In the manufacture of 
gas these volaitiie products are purified and used fi>r pur- 
poses of illumkiatioD. 

. Ivory- and bone-black are varieties of charcoal which 
result from the heating of bones in a retort^ till all the 
volatile products are evolved. This bone black, however* 
only contains about 10 per cent, of carbon* The remain- 
der is chlefiy phosphate and carbonate of lime. Ivory 
black is used as iqk in printing from copper and steel 
engravings. The preparation of bone black is now an 
iimportant branch of chemical manufacture, as it is larg^j 
i!i$ed im suga rrefinlng, owing to its bleaching or decolor- 
ising properties m common with all varieties of charcoal. 

It may not be altogelher out €i place to say a few words 
on sugar refining. If the saccharine juices of any vegetable 
substance be allowed: to remain at vesib, especially if the 
temperature be high, fermeotation commesfieab and tlie 
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sagar is changed into alcohol ; it is therefore desirable to 
convert it into a crystalline state as speedily as possible. 
1'he jaice of the sugar cane is raised to. a temperature of 
aboat 130^, and lime, water added. The whole mass is 
now raised in temperature, but not boiled. A thick scum 
rises to the surface. When this scum breaks it is either 
taken off, or the juice is drawn off by a tap at the bottom 
of the copper. By this continual heating the water evapo- 
rates, and the h'quid thickens. Sugar cannot be heated in 
the presence of acids or alkalies without undergoing de- 
composition, and molasses may be considered as the pro- 
duct of this decomposition. After a sweet solution of 
sugar and water has been obtained,*^a portion of lime 
water is added, and bullock's blood. It is said that the 
lime is employed to neutralize acidity, but this is a mis- 
take: no acid exists in unfermented sugar. The proper 
use of lime water is this : the colouring matter of some 
varieties of sugar tinites with lime, and forms a precipi- 
tate which gets enveloped in the albumen of the blood, 
and rises to the surface in scum, which is removed. The 
solution is now allowed to escape into a filtering appara- 
tus. This apparatus consists of a number of bags thrust 
one into the other, and fastened to the bottom of a tray, 
into which the sugar flows. As the liquor flows through 
the filter bags, a portion is examined from time to time, as 
to its brightness. When the solution has become dear it 
is of a dark port wine colour. The solution is now passed 
through bone black or animal charcoal. This decolouring 
property may be shown by passing a litmus solution 
through a charcoal filter. The water passes through quite 
clear. The whole theory of this decolorising effect is 
however involved in some obscurity. In sugar refining, 
a large cylinder of iron, six or eight feet in diameter, and 
twelve or fifteen feet high, is packed with granulated char- 
coal, within two or three feet of the top. The solution 
percolates through, and is drawn off at the bottom. The 
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sng&r solution which entered was of a dark ooloor; if 
passes from the filter as cc^oarless a» water. In time, 
however, the solution becomes tinted, the operation is 
Stopped, and the charcoal washed. 

Lamp-black results from the imperfect combustion of 
teur, oil, resin. The greater part of the carbon is carried 
tip in a state of finely-divided powder. When these par* 
tides come in contact with a cold bodj, they form a 
deposit of carbon, which may be scraped off. This forms 
the lamp-black of ccmimerce. The operation is performed 
with a limited supply of air in a high chimney, containing 
a number of plates, upon which the lamp-black collects 
like soot in our own chimneys. 

' Plumbago or black lead was formerly thoagjht to be a 
carbide of iron. The best specimens are altogether free 
from iron. Lead is never present in black lead. Plum- 
bago is used for the manfacture of paicils. That of Bor* 
rowdale in Cumberland was the best in the world,, but the 
vein is now exhausted. Most of the ordinary pencils are 
manufactured from a paste made of powdeved phunbago, 
crude antimony, and sulphur. 

Diamonds are carbon in a crystallized state. They were 
formerly obtained in India and the island of Borneo, but 
for the last hundred years they have been brought firons 
Brazil. If a diamond be burned in oxygen, the sde result 
is carbonic acid^ the same as if we had burnt a piece of 
charcoaU It is the opinion of some, that the diamond is 
of vegetable origin. Within the crystalline structure of 
many diamonds, the remains of insects are seen. Sir 
D. Brewster thinks the diamond a drop of fossilized gum. 
For diamonds of moderate size, and the same quaihty, 
the value is estimated in this manner : — The weight, is 
given in carats. These carats are subdivided into halv^, 
quarters, eighths, sixteenths, and thirty-second parts. If 
four diamonds weigh i, 2, 3, and 4 carats each, their re- 
spective value would be as i, 4, 9, and 16 : their value is 

6 2 
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in the ratio of the squares of their respective ^weights. 
The Koh-i-'Noor weighed i86 carats: since it has beeo 
recnty it weighs loa |- iV carats. 

There are two well-lmown compounds of oxygen and 
carbon, carbonic add, and carbonic oxide. 

Carhomc add^ CO^ is present, in small qnantities, in 
the atmosphere ; it occurs in combination with lime and 
magnesia: it is a constituent of all marbles, shells, and 
cond. It is also present in all spring water; it is evolved 
from volcanoes, and is a constant product of respiration. 
Fermenting liquids, decaying animal and vegetable sub- 
stances, and the combustion of coal, wood, and gas, are 
continual sources of carbonic acid at the ordinary tempera- 
ture and pressure. It is a gas having slightly acid proper-' 
ties : under pressure it may be liquified and solidified. 

Carbonic acid may be prepared syrUihetically by burning 
carbon in oxygen, or analytically by decomposing a carbo- 
nate. Carbonate of lime is generally used for this latter 
purpose. When carbon is burnt in oxygen no change of 
volume takes place, although there is an increase of weight : 
6 of carbon combining with two equivalents of oxygen, 
6 + 8 4- 8 = 22. 

Any carbonate yields carbonic acid when treated with 
any of the stronger acids. We use for this purpose hydro- 
chloric acid and pieces of marble, which is a carbonate of 
lime, and a little water. The decomposition is as follows : — • 

CaO,C08 4- HCl = HO -f CaCl + CO, ; 

or, (Ca,COa + HCl = HO -f CaCl + CO,). 

Lime water is a test for carbonic acid, — a milky, in- 
soluble precipitate of carbonate of lime is formed when 
carbonic acid is passed through a solution of lime water. 

Carbonic acid is heavier than common air ; it may be 
poured from one vessel to another ; it is not a supporter 
of combustion or respiration, nor is it combustible. It 
extinguishes fiame, not for the same reason as nitrogen,. 
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by exclading oxygen ; for if we mix one volume of 
oxygen with foar of carbonic acid, it does not support 
combustion, although the quantity of oxygen is as great as 
in common air. If a living animal be immersed in an 
atmosphere of nitrogen, it dies the same as if it were im- 
mersed in water. The nitrogen kills by suffocation ; car- 
bonic acid kills by poison: all the other conditions of life 
may be present, but the inhalation of carbonic acid produces 
death. In winter, people bum charcoal in braziers, — a 
most unhealthy and dangerous practice where there 
is not a proper exit for the carbonic acid produced. 
During the fermentation of beer or wine, carbonic acid 
is evolved. During respiration, it is given off. To illus- 
trate this, take a glass tube and blow into lime-water : 
the water becomes milky, owing to the formation of car- 
bonate of lime. 

Carbonic Oande, CO. — The blue lambent flame some- 
times seen on the top of brick-kilns and coke-ovens, and in 
our own fireplaces, is from carbonic oxide (CO). This com- 
pound contains one equivalent less of oxygen than carbonic 
acid. It may be prepared by passing carbonic acid through 
a red-hot iron tube. Thus,— Fe + CO, = FeO + CO. 
It may also be prepared by passing carbonic.acid through 
a porcelain tube filled with charcoal. The carbonic acid, 
COj, uniting with another equivalent of carbon, becomes 
converted into two equivalents of carbonic oxide, CO -f. CO. 
A similar change to this takes place in charcoal and coke 
fires: the charcoal combines with the oxygen, forming 
carbonic acid, CO, ; it passes through the red-hot part of 
the fire, and is converted into carbonic oxide, CO, and 
biirns at the surface with a blue flame, which is sometimes 
said to be a sign of frost. A low temperature favours the 
production of this compound. Carbonic oxide is generally 
prepared by heating sulphuric acid with oxalic acid. As 
soon as the temperature is sufiSciently raised, the gas comes 
off lapidly. The decomposition which takes place may be 



68 ELEMERTART CBXlflSTRY. 

represented thns : — oxalic acid contains two equivalents of 
carbon, three of oxygen, and one of water, CfiJSOt : this 
equals one equivalent of COt, one equivalent of CO, and 
one of HO. When heated, the sulphuric acid unites witii 
the equivalent of water, and the carbome acid, CO^ and 
carbonic oxide, CO, come off together. Bj passing' the 
gases through a solution of caustic potash, the carbonic 
acid is absorbed, and the carbonic oxide, CO, passes over, 
which may be collected at the pneumatic trough in the 
usual way. 

This gas is invisxble, and lighter than conunoa air. It 
is highly combustible, but does not support either com- 
bustion or respiration. Dumas has shown that this gas is 
a hundred times more poisonous than carbonic add, — a 
fact which till very lately was unknown. 

The compounds of carbon and hydrogen, are very com- 
plex, and are all highly combustible ; they belong properly 
to oxgaiiic chemistry. We shall describe two of these 
compounds. 

Heavy Carburetted Hydrogm^, C^H^, generally caUed ole- 
fiant gas, because it forms an oily compound when mixed 
with chlorine. It is lighter than common air. This gas 
is prepared by mixing alcohol with five or six times its 
weight of sulphuric acid, H,S04. The acid should be 
added a little at a time. As it is easier to measure tiquids 
than to weigh them, one volume of alcohol and thsee of 
sulphuric acid, HOfSOs may be used. The flask shoo&i be 
shaken so as to thoroughly mix the liquids^ 

Alcohol, C.HaOg = C,H4 + 2HO. 

CAO. + H,S04 = QH, + H.SO, + 2H0. 

Properties. — Olefiant gas is highly combustible, but not 
a supporter of either combustion or respiration: when 
burnt it forms carbonic acid, CO,, and water HO. Its 
combustibility may be shown by burning some firom a jet. 
If a hght be applied to a mixture of chk>rine a^d olefiant 
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gas in equal Tolnmes, HCl is formed, and the carbon 
liberated in a finely divided state. 

Light Carburetted Hydrogen^ Gfi^, — ^This gas is disen- 
gaged abundantly from coal mines and from stagnant water* 
The miners call it fire-^amp ; it is also called marsh gas* 
^Wben mixed with common air it forms ain explosive com- 
ponnd* It is rather difficult of preparation : 40 parts of 
acetate of soda, 60 parts of quicklime, 40 parts of hydrate 
of potass are mixed together and heated in a retort. The 
lime merely prevents the hydrate of potass attacking the 
glass. The reaction consists in the conversion of the 
acetic acid, by the aid of the elements of HO, into carbonic, 
acid, COg, and light carburetted hydrogen, CH,. 

Acetic acid, C4H8O8I Cj04 = 2 CO, 

HO I QH^ 
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This gas is colourless, invisible, inodorous; does no€ 
support combustion or respiration. It bums with a white 
flame, similar to olefiant gas, but less brilliant. 
' Coal Gas, — Coal gas is prepared by exposing coal to a 
red heat in iron retorts. The variety of coal known as 
cannel coal is usually employed. As the coal becomes 
heated a variety of complex gaseous products are given off. 
As these products issue from the retorts they are conducted 
iuto the hydraulic mam (a large horizontal cistern half 
filled with water). The gas passes from the hydraulic 
main into the refrigerator, and from the refirigerator into 
the purifier, whence it is conducted into a large me- 
tallic gasometer— -from which the distribntion pipes pro- 

C66Q. 

In the hydraulic main the gas is partially cooled and a 
portion of the ammonia absorbed. In the refrigerator the 
gas is cooled aud the tar and ammoniacal liquor deposited. 
In the purifier, which is a large vessel containing slaked 
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lime mixed witfa vrater and kppt in tgitatkm, tbe gas parts 
with its Bulpbtiretted liydn^B and carkionio acid. 

Ordioaiy coal gas, although subjected to this pnrifica- 
tion, nsuaJly coMaioa a variable smoimt of noxious sab- 
stancee. 

The compound* of cadxM) and hydrc^^ ire the only 
valuabte constitueDts of coal gas. It coutaiDa about fif^ 
per cent, by Tolume of ole£ant gos^ upon which ita tlhuni- 
nstitig property chiefly dependii ; from twelve to twenty 
per craL of light carboretted hydrogpa (raarah gas), leith 
TBiiable qoantitieB of nitrogen, hydrogea, carbceilc oxide, 
anlphnretled hydecwen, volatile oik, and prussic acid- 
ic Davy lamp. — A mixtuie of fir^-d^nqi and air 
fonns an explosive compound. Commoti explosions of 
gas are analogous to those which occasionally take place in 
ooal mines. To raevent these accidents, a lamp was in- 
vented by Sir H. Davy, known aa the Davy lamp. 

Fire-damp alone is not explosive ; but when mixed with 
flom eight to ten volunses of air it is highly danfMraos, 
With diree or fifteen vohuoes of air it ia not explosive. 
The small quantity of oxygen io tibe we case is not st^cient 
to barn the gas ; in tb« olbec the large quan- 
tity of air conducts aw&y tbe heat and lowers 
tiie teroperatnre below the point necessary to 
Ignite the gas. It is on this princip^ that the 
Davy lamp is constructed. Fii«.damp doea 
not take Sre unless i^sed to a wbite beat When 
the fire-damp issues from a seam of ccaI, meeb- 
bg the white flame of a lamp oc candl^ tiplo. 
lion immediately takes place. 
The sttfety lamp consists of an ordinary oil 
' lamp surrounded by a cylinder of wire ga/tze, 
the apertores' of the gauze not being mcwe then 
tbe 400th of an inch in diameter (See ^ 14). 
■ "*"■ When thb lamp is earned into an «^i»ive 
mixtore, no e^ilosioa takes jdace. Tbe gnsas tnvene th& 



apegrtores of the gaufe^, dud btxm inside the lamp ; but the 
iiame does not pass outside to kindle the atmosphere of gas 
which surroatids the lamp. The lamp makes explosion im^ 
possible, not by preventing the gas entering inside, but hy 
preventing the flame teaching the gases oatside. In taravers^ 
ing the wire gaiue the temperature is lowered, heat is con^ 
ducted awaj, «fid the tempemture falls below the point 
necessary to kindle the gases, lliese effects may be 
studied by suspending a Davy Ian\p in a jar^ and gradually 
admitting a stream of coal gasjrom below. The flame of 
the lamp increases in length, in the interior of the gauze 
cylinder, the gas and air bum, and the flame of the lamp 
is extinguished^ but as the atmosphere in the bell jar 
becomes purer, the lamp again rekindles. These pheno- 
mena are so remarkable that the lamp becomes a true indi- 
cator of the state of the atraosphera in the mine.; and this 
is the proper and true use of the Davy lamp. 

Structure of Flame. — ^The flame of a candle is not, as it 
ap]^ears, a soM cone of flame. If a piece of wire gauze 
be pressed from the top over the flame of a candle or 
common latnp, there appears in the centre a dark 
spot surrounded by a luminous ring. This dark 
Bpot is the combustible hydrogen and carbon of 
the tallow (See fig. 15). These gases cannot bum 
Until they pass to the surface, to obtain oxygen 
from the atmosphere, when they are cofiverted into 
cairbonit; acid and wafcer. The hydrogen bums with 
ft blue flame, with not much illuminating power, but 
with great heat. The oxygen of the air has a greater 
affinity for hydrogen thaii for carbon. The hydr(^en 
bums first, and this is the blue flame around *the central 
dark spot * the carbon now liberated from the hydrogen 
passes upward, and, being intensely heated by the com- 
bustiou of the oxygen and hydrogen, burns with a yellow 
light ; this is the luminous part of the flame, and is due to 
the solid white hot particle of carbon previously contained 
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in combination with hydrogen in the tallow. The oopical 
form of the flame is owing to the ascent of heated currents 
of air. A tall glass chimney i9 placed over lamps, so as 
to incn^ase the upward current of air and supply a larger 
Amount of oxygen. It is remarkable that the heat evolved 
by combustion is due to the quantity of oxygen consumed, 
and not the amount of combustible matter with which it 
unites, as the following T^bie illustrates :— 

I lb. of wood charcoal raised 78 lbs. of water /rem 
'° to 212°. ^ 

alcc^ol raised 68 lbs. of water from 32° to 



32° to 
I lb. of 



212°. 



I lb. of oil or tallow raised 90 lbs.*of water flrom 32° to 



212'* 



1 lb. of hydrogen raised 236 lbs. of water from 32° to 



212*?. 




The quantity of oxygen consumed under these circum- 
stances is very different, while the weight of the combus- 
tible body was in each case one pound. 

If a jet of air be introduced into the flame of a candle or 

lamp, by means of a blowpipe, a 
double combustion takes place. 
Two long pointed flames are 
observed, the outer one being of 
a yellowish colour, and the inner 
Fig. le. one blue (See Bg, 1 6). The 

space between these flames is filled with combustible matter 
at a very high temperature ; this is called the deoxidising 
or reducing part of the flame. If the oxide of any metal 
be placed in this part of the flame, fixed on the end of a 
fine platinum wire, or supported on a piece of charcoal, it 
is reduced to a metallic state. 

Observations of great importance are often made with 
the blowpipe. The skilful u3e of this instrument can only 
be obtained by constant practice. 
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SILICON/ 
Sifmhol, Si; Combining EquivaJeird, 21*35. 

This element is sometimes called silicium. It does not 
occur in a free state ; but in anion with oxygen it forms 
silica, SiOg. It enters largely into the composition of 
flints, sand, quartz, and other mineral substances, forming, 
it is thought, a sixth part of the surface of the earth. 
Silicon is a brown powder, difficult to produce, and is of 
no importance, except to the scientific chemist. 

Silica, SiOg, is the only known oxide. When nearly 
pure, as in rock crystal, it is colourless and transparent. 
It may be prepared by mixing equal parts of fluor-spar, 
CaF, powdered glass, and sulphuric acid together in a 
flask. A glass tube, at least half an inch in diameter, 
should proceed from the flask and dip three quarters of an 
inch into mercury. The jar containing the mercury is now 
nearly filled with water ; a gentle heat is applied to the 
flask, when the silica, in a gelatinous condition, separates, 
and rises through the mercury to the surface of the water. 
The decomposition is rather complex. The first effect is 
the disengagement of hydrofluoric acid, which in contact 
with the silica of the glass, undergoes decomposition, form- 
ing water and the terfluoride of silicon, which escapes from 
the fiask as a gas; but when it comes in contact with 
water, after it has passed through the mercury, it is de- 
composed into silica and hydrofiuosilicic acid. 

Decomposition in the flask : — 

3HF + SiOa = 3HO + SiF,. 

Decomposition in contact with the water, afWr passing 
through die mercury ; — 

3SiF8 + 3HO = SiOa + jHF + aSiF,. 

The silica is collected on a cloth filter, dried, and raised 
to a red heat to expel water. 

H 
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Silica is an acid. It neutralizes many bases, forming 
salts, known as silicates. Glass, porcelain, and pottery, 
are silicates of potash, ahimina, and other bases. Some 
silicates are soluble in water : if the bases with which the 
acid has united be in excess, the salts are soluble ; bat if 
the acid be in excess, then they are insoluble. Silica in 
its crystallized state, coloured with some metallic oxide, 
forms precious stones, such as blood-stone, agate, jasper, 
onyx, camelian, and opal. Silica exists abundantly in 
many plants. It gives stiffiiess to the straw of wheat, 
barley, and oats. 

BOBON. 
SymM, B ; JEquivdleni, 10*90. 

This element is analogous to silicon. It may be ob- 
tained by heating boracic acid with potassium in a platina 
crucible. It is a brown powder, and, when heated, bums, 
forming bomcic acid, BOa. It is found in the lagoons of 
Tuscany, in combination with oxygen, as boracic acid, BO,, 
from which source it is chiefly derived. This acid is also 
easily prepared by decomposing a hot solution of borax 
with sulphuric acid. The biborate of soda, or Tborax, is 
employed for soldering metals, forming the glazes for 
porcelain, and as a flux for examining metallic compounds 
before the blowpipe. A loop made of platinum wire is 
strongly heated and dipped into borax powder ; a series of 
experiments can now be made. A salt of manganese 
heated in the outer flame of the blowpipe, with the borax 
on the wire, gives a violet-coloured bead ; cobalt, blue ; 
chromium, green ; copper, red« 



FIFTH DIVISION. 
HYPROGEN. 
Sjfmbol, H ; Combining Equivalent^ r* 
Hydrogen, at all known teiftpewtures^ ia^ a gss, colour- 
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less, withcmt odonr, abont 144- times lighter than common 
air, and highly combtt^ible. This gas exists largely in t^e 
organic and inorganic kingdoms ; it is a constituent of most 
substances used either for fael or illumination ; it is most 
probably an essential constituent of all acids, hydrochloric, 
HCl, hydrobromic, HB ; hydriodic, BI, hydrosulphuric, 
HS, sulphuric acid, H,S04, &c. In combination with 
animal or vegetable substances it is found chiefly as water 
and ammonia. 

Preparation, — 'This gas is prepared by deoxidizing water, 
either by the decomposing agency of voltaic electricity, as 
explained under oxygen, or by adding small pieces of 
grantflated iron or zinc to one part by measure of sulphuric 
acid and four or &^q parts of water in the apparatus figured 
on page 41, Neither iron nor zinc combines directly with 
sulphuric acid, but the oxides of these metals combine 
easily. Decomposition : — 

Zn + HO + SO3 = ZiiO,S08 + H free. 

Or, as is most probably the case, the action is simply a dis- 
placement of H by tht Zn : — 

Zn + H,S04 = Zn,S04 + H free. 

Or hydrochloric may be used instead of sulphuric add ; 
thech— 

HCl + Zn *= Zna + H fi?ee. 

By passing steam through a red-hot iron tube, the oxygen 
combines with the iron, and tiie hydrogen escapes as gas, 
thus: — 

(Steam), HO + Fe = FeO + H free. 

By passing a small piece of sodium or potassium up into 
an inverted tube, filled with water and standing on the 
pneumatic trough : — 

Na + HO = NaO + H. 

The sodium or potassium dissolves in the water, and the 
hydrogen collects in the uj^r part of the tube. 
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Hydrogen from its extreme lightnees was formerly used 
for filling balloons ; its use Is now superseded by employ- 
ing coal gas and larger balloons. 

The property of difiusion, which is common, in a greater 
or less degree, to all gases and vapours, is well seen in the 
following experiment with hydrogen and carbonic-acid gas, 
two bodies of very different specific gravities. If two bot- 
tles, the one containing hydrogen, and the other carbonic 
acid, be joined together with a glass tube about a foot long 
and S of an inch in diameter, and the hydrogen placed in 
the upper bottle and the carbonic add in the lower, we 
shall find afler a few hours, that the carbonic acid, contrary 
to its gravity, and the hydrogen, have uniformly mixed 
throughout This difiusive power of gases is of great im- . 
portance in the economy of the universe. Were it not for 
this diffusion we should have the different gases and va- 
pours arraiiging themselves on the earth's surface according 
to their respective weights. This diffusive power of hydro- 
gen renders it impossible to keep it for any length of time 
in bladders, or the best constructed gas holders, and when 
mixed with air from any leaking, the mixture becomes ex- 
plosive. 

Hydrogen is not a supporter of combustion : if a lighted 
taper be .plunged into a jar of hydrogen, it is extinguished ; 
the hydrogen bums only at the top of the jar, where it 
comes in contact with the oxygen of the air. Hydrogen 
bums with a pale blue flame without much light, but in- 
tense heat. The temperature may be increased by mixing 
hydrogen and oxygen in the proportion of two volumes of 
the former to one of the latter, and burning it from a safety 
jet. This is called the oxyhydrogen blowpipe. It is, per- 
haps, best to use two separate gas-holders for this experi- 
ment. When hydrogen is mixed with common air or pure 
oxygen, it is highly explosive ; great care should therefore be 
taken to allow the first portions of gas to escape before 
applying a light Soap bubbles blown with hydrogen by 
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meant; of & ootoiiaion pipe attached to a bladder provided 
Tvrith a stop -cock to regulate the emission of the gas, rise 
in the air with considerable velocity : if a lighted taper be 
appUed to the babble as it ascends a slight explosion takes 
place. If a mixture of one volume of oxygen and two vo- 
lumes of hydrogen be taken, and soap bubbles blown on a 
small cheese-plate, so that a good head of bubbles is formed 
and a hght applied, the explosion is very violent : a small 
bladder filled with a mixture in the same proportion, may 
be exploded by pricking a hole with a pin and applying a 
light. If a jet of hydrogen is burned In a dry glass jar, the 
sides become covered with moisture, owing to the formation 
of water by the union of the inflamed hydrogen with the 
oxygen of the air. If a tube of glass about one inch in 
diameter, and two feet long, be slowly passed downwards 
over a burning jet of hydrogen, a musical note is produced. 
If a piece of spongy platinum be brought near a jet of hy- 
drogen, it is at once kindled, and the platinum becomes red 
hot. It is thought that the hydrogen along with atmo- 
spheric oxygen are so condensed in this experiment tha^ 
they are brought within the sphere of attraction necessary 
for combination. The same takes place with a mixture cf 
the two gases. 

The chemical relations of hydrogen assign to it the cha- 
racter of a metal ; and although it has never as yet been 
either liquefied or solidified, it is not improbable that these 
difficulties in the way of its being considered a highly 
elastic gaseous metal, will disappear as the subject is more 
investigated. 

There are two compounds of hydrogen and oxygen; 
vxxter, HO, and the binoonde of hydrogen^ H0». 

The composition of water was first discovered by Mr, 
Cavendish, but its exact composition has occupied the atten- 
tion of chemists for some years. There are two methods 
of determining the composition of any compound body; 
these are, analysis^ by which the compound is resolved intp 

H 2 
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its ooDStitaents ; and synthesis^ by which the dements or 
ooQStitaents are made to unite to produce the compooDd. 
Both these methods have been brought to bear on the deter- 
mination of the proportions of oxygen and hydrogen in 
water. The most elegant illustration of the analysis of pure 
water is its decomposition by voltaic electricity, alluded to 
under the head of oxygen. In this experiment it appears 
that the combining volume of hydrogen is twice that of 
oxygen, and the combining proportion by weight, as 8 of 
oxygen to i of hydrogen. 

Water, when pure, is colourless, except when viewed in 
a large mass, when it appears of a beautiful blue colour. 
It is inodorous, tasteless, and transparent. It attains its 
maximum density at 40° ; it boils under ordinary atmo- 
spheric pressure at 2 1 2*^. It evaporates at all temperatures. 
It is 815 times heavier than air, and an imperial gallon 
weighs lolbs. avoirdupois. It is compressible in a very 
slight degree. 

Water never occurs in nature perfectly pure. Filtra- 
tion will remove suspended impurities, and distillation 
will free the liquid from those dissolved. Water united 
with acids and bases, forming hydrates ; this combination 
is sometimes very energetic, producing great heat, as in the 
slaking of lime, or by mixing sulphuric acid with water. 
The solvent properties of water are far greater than those 
of any other liquid. Many of the salts are soluble in 
water, increasing with an increase of temperature, and de- 
positing crystals as the solution cools. Common salt and 
the salts of lime are, however, an exception to this general 
rule. 

Water dissolves most of the gases, although in very 
unequal quantities. Hydrogen, oxygen, and common air 
are absorbed to a small extent, while ammonia and hydro- 
chloric acid are dissolved to a very great extent ; between 
these extremes we have sulphuretted hydrogen, chlorine, 
carbonic acid, and many other gases. The colder the 
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water the more gas is dissolved; and on boiling, tihese 
gases are liberated. 

The deutoxide of hydrogen, HO,, or oxygenated water, 
is diflScult of preparation. It has very few practical appli- 
cations, and is only regarded as a chemical curiosity. 



E^SUMfe. 

Ihe Law of Definite Proportion, — Those bodies which 
combine chemically, combine in fixed and definite propor- 
tions. 

The Law of Multiple Proportion, — When one body is 
capable of uniting with another in several proportions, these 
proportions bear a simple relation to each other, as O, 0|, 
Os, O4, &c. 

Equivalent numbers are an expression of the relationship 
by weight of the different bodies which enter into chemical 
combination. 

OXYGEN. 

Symbol, O ; Equivalent, 8. 

Discovered by Priestley in 1774; called dephlogisticated 
air, afterwards vital air. 

Physical Properties, — Permanently gaseous, without co- 
lour, odour, or taste. 

Density. — i*io6. . 

Chemical Properties, — A simple body very slightly soluble 
in water. It is present in all common cases of combustion. 
The term combustion is used to express chemical action 
usually attended with disengagement of light and heat. It 
is also present in all those cases of slow combustion in 
nature which consist in a slow absorption of oxygen, and in 
which the temperature does not rise sufficiently to cause any 
sensible evolution of either light or heat. All cases of com- 
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boslioii are atteoded with the fonnatkm of new ooTabina- 

tiODS. 

Freparation^'^First Method* — ^Bj the decompositkxi d 
the biooxlde of mangaiiese in an iron bottle raised to a red 
heat — 

jMnO, = Mn.Oa+O. 

Second Method. — ^Deocnnpoee by heat in a Florence flask 
the chlorate of potash. An equal part of the binozide of 
manganese should be mixed with the sak. The manga- 
nese may be disregarded in the decomposition^ as it under- 
goes no change — 

KO,aO, = KCl+60, 

or, (KC10.=Ka+60). 

Third Method, — Decompose by heat the red oxide of 
mercury — 

HgO=Hg+a 

Fourth Method. — By distilling in a glass retort t^e 
binoxide of manganese with sulphuric acid. The oxygen in 
this case is not very pure-— 

MnO.-f HO,SO, = MnO, SOa+O-fHO ; 
or, (MnOa+H,S04 = Mn,S04+HO+0). 
Fiflh Method. — By the voltaic decomposition of water. 

SULPHUB. 

Syrnbol, & ; EqawaUni, i6. 

Physkd Properties. — At ordinary temperatures sulphur 
is solid, of pale yeUow colour, without taste, having a peculiar 
and characteristic odour. It is opaque, and exists botli in 
an amorphous and crystalline state. It is a bad condactcNr 
of heat and electridty. At a temperature of 230° it melts 
into a thin liquid ; at a temperature of 430^ it becomes 
thick and blacky like treacle; and at 790^ it again becomes 
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fluid and volatilizes. The condeDsed vaponr forms sublimed 
sulphur. 

Specific Gravity, — 2*07. 

Chemcal Properties, — Insoluble in water, but soluble in 
the bisulphide of carbon and essential oils. 

Sulphur bums with a blue flame, forming sulphurous acid, 
SOg. Sulphur combines with carbon at a red heat, forming 
the bisulphide of carbon. 

Sulphur is found in volcanic districts, and is imported to 
this country chiefly from Tuscany and Naples. 

Uses, — For the manufacture of gunpowder, lucifer 
matches, sulphuric acid, and in medicine. 

SuLPHCBOus Acn>. 
Symbol, SO^ ; Equivalent, 33. 

Physical Properties, — A colourless gas, with sharp odour 
and acid taste. It liquefies under a pressure of two atmo- 
spheres. 

Specific Gravity, — 2*234. 

Uhemicdl Properties, — Composed of one equivalent of 

. sulphur and two of oxygen, very soluble in water, and 

exhibits a strong acid reaction on test-paper. It is not 

combustible or decomposable by heat, nor. is it a supporter 

of combustion or respiration. 

Preparation, — By burning sulphur in air or oxygen. By 
heating in a flask copper or mercury with sulphuric acid. 

Decomposition : — 

. (g^J + .(H.S00 . j JJg; +aHo + so.) 

In preparing large quantities of solution of the acid, car^ 
bon is commonly substituted for copper. 
Uses, — As a bleaching agent. 
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SULFHCBIO AOID. 



Anhydride*. . 

Beal or hydnt-^ 

edaoid « ./ 



Ellpnbdla. 



SO. 

HO,SO;' 

or, (H,S04). 



Equivalents. 



40 
47 



Known fi)r a long time as oil of vitriol ; analysed by 
Lavoisier. 

Physieal Pr(jperftea.'^Sulphturie acid in its anhydipus 
state, SOy, is a white, solid, crystalline body. The hydrated 
acid is a colourless liquid with an oily appearance, withoat 
odour. 

Specific Gravity of Sulfuric Acid, — As HO.SOj, 

dhemicd Properties. — ^The anhydride is composed of one 
equivalent of sulphur and three of oxygen. K^e ordinary 
acid has the following composition,' HO,SOs, or (H,S04). 
Jt has a great affinity for water, and is used frequently as 
a desiccating agent. It carbonizes organic substances, com- 
bining with the elements of water and liberating the carbon. 
It is a powerful acid. 

At a red heat ihe anhydride jrields up an equivalent of 
oxygen, becoming sulphurous acid, SO,. 

The nitrate of Ibaryta will give a white precipitate in any 
solution containing sulphuric acid. 

Preparation of Sulphuric Acid. — Fumes of hyponitric 
acid, NO4, end sulphurous acid, SOt, pass simultaneously 
into a leaden chamber, into which a jet of steam plays. 

Two equivalents of sulphurous acid act on one of hjrpo- 
nitric acid, NO4, reducing it to the binoxide of nitrogen, NOg, 
which takes two equivalents of oxygen from the air in the 
chamber, converting it again into hyponitric acid, to be 
acted on by two more equivalents of sulphurous acLd : — 
2S0,+ 2H0+N64 = 2(S08,H0)+N08. 
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The acid is ailerwards reduced to its proper sireDgth by 
concentration. 

Nordhausen Acid, — This acid is prepared from the sul- 
phate of iron or green vitriol by distillation. The vapours 
of sulphuric acid pass over, which condense into a heavy 
dark fuming liquid. 

The anhydrous acid may be prepared by distilling the 
Nordhausen acid, and surrounding the receiver with a 
freezing mixture. 

Sulphuric acid has a very extended application in the arts ; 
it is used in fancy dyeing, and the manu&cture of many 
chemical products. 

BviiPHUBETTED Hydbooen — ^Hydeosulphubio Acn). 
Symbol, HS ; Equivalent, 17. 

Discovered by Scheele in 1776. 

Physical Properties, — A colourless gas, having a strong, 
disagreeiable odour, like rotten eggs. It hque^es under a 
pressure of 16 atmospheres. 

Specific Gravity. — i*i77<« 

Chemicail Properties. — It is ccanposed of one equivalent 
of hydrogen, apd one of sulphur, HS. Very soluble in 
water, in which state it is usually employed in the labora- 
tory. On expoa9re to ajjr , the sulphur is precipitated. Sul- 
phuretted hydrogen is a feeble acid ; it is decoiQposed by 
sulphurous aqid, into water and sulphuic i-^ 

2HS+.SOJ=*2HO-^3S. 

It is also decomposed by chlorine into hydrochloric acid 
and sulphur : — 

a+HS = HCl+S. 

The inhalation of this gas is very injurious, and chlorine 
is employed ta decoipnpose it. It frequepatly exists as a na- 
tural exhalation from drains and decomposing matter. 

Preparaimu^^By decompo»ng tb^ proto^lphide of ison 
with sulphurie add : — 
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FeS-fHO,SO. = FeO,SO, « HS ; 
or, (FeS+H,SO, = Fe,SO,+HS). 

Bj deoomposing the tersulphide of antimony with hjdro- 
chloric acid: — 

SbS,+3HCl = SbCl,+3HS. 
Sulphuretted hydrogen has no iise in the arts. 

GHLOBINE. 
Bymbci, 01 ; EquivcUerUt 35 '5. 

Discovered in 1774 by Scheele, and named dephlogisti- 
cated marine acid, muriatic oxygen acid, oxymuriatic gas. 

Properties, — A gas of greenish colour, having a strong 
suffocating odour; somewhat resembling seaweed. It lique- 
fies under a pressure of five atmospheres. 

Specific Gravity, — 3*47. 

Chemical Properties, — A idmple body, very soluble in 
water. Chlorine has a great affinity for hydrogen. Many- 
of the hydrogen compounds are decomposed by this element. 
A mixture of equal volumes of chlorine and hydrogen ex- 
plodes with great violence on exposure to sunlight. 

Moist chlorine destroys organic colouring matters. It is 
also used as a disinfectant. Chlorine has a feeble affinity- 
for oxygen. 

Preparation of Chlorine Gas, — ist method. — Heat 
gently in a retort or flask the peroxide of manganese and 
hydrochloric acid. Let them be well mixed before apply- 
ing the spirit lamp : — 

2HCI 4- MnO, = 2HO + Mna + CI. 

The gas may be collected by displacement. If a solution 
of the gas be required, it must be passed into Wolfe's 
apparatus. 

and method. — By gently heating in a flask conunon salt, 
sulphuric acid, and the peroxide of manganese : — 
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MnO, + NaCl + aCHO.SO,) = NaO,SO, + MnO,SO, 

+2H0 + a; 

or, (MnO, + NaQ + 2(H,S0,) = NajSO^ + MiijSO* 

+ 2HO + a). 

Uses. — As a bleaching agent, and for disinfection. 

Htdboohlobio Acid. 
Symbol, WjI\ EgmvalaU, 36-5. 

Discovered in 1650, and called spirit of salt, marine 
acid, muriatic acid. 

Physical Properties. — A colourless gas, having a sharp, 
acid odour, and fames on exposure to air. It is liquefied 
under a pressure of 40 atmospheres. 

Specific Gravity. — 1*245. 

Chemical Properties. — A body composed of one equiva- 
lent of chlorine united to one of hydrogen. It is very 
soluble in water. The ordinary acid of Sp. Gr. 1*100 is 
a solution of this gas, and consists of (HCl + 16HO). 

Preparation of Hydrochloric Add Gas. — Heat common 
salt in a flask with concentrated sulphuric acid : — 

Naa + HO,SO, = NaO,SO, + HCl ; 

or, (Naa + H,S04 = NajSO^ + HG.) 

Uses.^-^FoT the extraction of gelatine from bones, and 
for disinfectants. It is one of the most important reagents 
in the possession of chemists. 

Aqua Begia. 

This is a mixture of one volume of nitric acid with three 
volumes of hydrochloric acid. Aqua regia Ls used to dis- 
solve gold : — 

3(HO,N05)+6Ha-f.4Au = 3NO,-|-9HO-f-2AuaCl,. 

Bromine and iodine are analogous in their chemical pro- 
perties to chlorine. 
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a 

AZOTK.-^KITBOGEN. 

SffwJbol, N ; Equivaient, 14. 

Discovered by Lavoisier in 1775* 

Physical Properties, — Permanently gaseous, without 
colocu-j odour, or taste. 

Density. — 0*97 2 . 

Chermcdl Properties.— A simple hadj^ slighUy soluble 
in water. It is neither a supporter of combustion nor 
animal respiration, nor is it oombnstible. Under ordinary 
circumstances its properties are remarkably inert^ baft in 
combination it forms compounds of a very enecgetic and 
powerjful character. 

Preparation. — ist method. — By burning j^ospbovas in 
a confined portion of conmion air. This is best done in a 
bell gas jar standing over water. The phosphorus com- 
bines with the oxygen of the air, farming phosphoric add 
(anhydride), PC^, which disserves after a sWt time- in the 
water. 

2nd method. — "By passing a current of air through a 
tube of hard glass loosely filled with copper turnings. The 
tube is raised to a red heat. Oxide of copper is^ formed, 
CuO, and nitrogen liberated. 

Atmosphebio Aib. 
First analysed by Lavoisier in 1777. 
Physical Properties. — Permanently gaseous, without 
colour, odour, or taste. . 

Density, compared with water, 0*0013. 
Composition of air ; 100 parts by weight contain— -« 

2} of oxygen 
77 of nitrogen 

lOO 
By volume— 79*^9 

20*81 

lOO'OO 
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The air contains vapour of water, carbonic acid, and 
craces of ammonia. 

Air may be analysed by the process described in the 
second method for preparing nitrogen, by allowing the nitro- 
gen to pass into an exhausted glass globe. Previous to the 
application of heat the glass tube and copper turnings are 
carefully weighed, and ^so the glass globe. The increase of 
weight ofthe globe after the experiment gives the nitrogen^ 
whilst the increase in the weight ofthe copper is oxygen. 

A less exact method is to introduce a piece of phosphor 
ms, by means of a wire, into a graduated glass tube stand- 
ing over water. The quantity of ftir in the tube is easily 
determined, by holding the tube upright and noticing the 
point to which the water rises. The whole is now left for 
twenty-four hours. The oxygen combines w^ith the phos- 
phorus, forming phosphoric acid, which dissolves im tthe 
water. The phosphorus may be withdrawn and the resi- 
dual gas read off, which is nitrogen. 

Air may also be analysed with the eudiometer. 

Tbotoxide 07 ITrFBoaEH (LAuaniNO Gas). ' 
Symhol, NO ; Eguivcdent, S2. 

Physical Properties.-^A. gas, without oolouf, having a 
sweet taste. Liquefied by a pressure of 50 atmospheres. 

Specific Gravity, — I'S^S- 

uAemicai Properties. — -it si^ports combustion almost 
equal to oxygen- Cold water dissolves nearly its own 
volume of tike gas. Warm water must be used in the 
pneunaatic trough. The most remarkable feature of the 
gas is its exhilarating effects on f^e animal system. When 
inspired the gas should be quite pure, and only inhaled for 
a short time. 

Preparation, — By decomposing the nitrate of ammonia 
by heat in a retort or flask :— 

NHANO* * 2NO + 4HO. 
It has no use in the arts. 
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BmOXIDI OF NiTBOGEir. 

Symbol, NOg ; Equivdlenit 30. 

PhysiccLi Properties, — Permanently gaseous, and without 
colour. SllghUy soluble in water. 

Specific Gravity, — i '03 8. 

Chemical Prqpcr^iiw.— Composed of one equivalent of 
nitrogen to two of oxygen. Neutral to test-paper. 

In contact with air or oxygen it changes into deep red 
fumes of hyponitric acid, NO4. 

It is not combustible. 

Preparatum, — By the decomposition of nitric acid by 
copper In the cold : — 

4(H0,N0,) + 3CU = 3CuO,NO, + NO, + 4HO. 

This gas has no useful application. 

KiTsio Aom. 



Anhydride • 
Bealacid , 



•I 



Symbols. 



NO.. 

HO.NO,; 

or, (H,NO,). 



Equivalents. 



} 



54 
63 



Sometimes called aquafortis ; spirits of nitre. 

Physical Properties. — ^When anhydrous it is a white 
crystalline solid. In its hydrated state it is a liquid. When 
concentrated it gives off fumes on exposure to air. 

Spedfic Gravity of the ComxTitrated Acid, — 1*5 2 2. 

Chemical Properties, — Nitric acid (anhydride) is com- 
posed of one equivalent of hydrogen and five of oxygen. In 
its hydrated state it contains from one to two equivalents 
of water. Ordinary nitric acid contains firom three to four 
equivalents of water, N05,4HO. 

It is a powerful acid, and attacks the metals with .great 
energy. ' 
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Nitric acid staios the skin yellow. 
The hydrated acid may foe prepared by heating gently in 
a flask the nitrate of soda with sulphuric acid. 
Decomposition : — 

NaO,NO»+2(HO,S03) = HO,NO,+ NaO,SO,+HQ,SOB ; 
or, (NaN0,+^(H,S04) = H,N0, + ya,SO,+H,SO, ). 
Nltcic acid is largely used in the arts £ov Aching, dyeing, 

Ammonia. 
Syrnbcm NH„ HO ; or NH^O ; Dry Gas, NH,. 

Sometimes called the volatile alkali; spirits of harts- 
horn. 

PJ^sicfd Prqperties.^^A colourless gas, having a suffo- 
cating odour. It liquefies under a pressure of 7 atmo- 
fipberes. . 

Specific (jrivi^.-r^O'597. 

ChwiiceU i'rqiMr^w.-^CompQsed of one of nitrogen to 
three of hydrogen. Very soluble in water. . It is a powerfql 
base, turns vegetable reds blue, and combines with great 
energy with adds to form salts. 

Ammonia is decomposed at a fed heat. It is not com- 
bustible or a supporter of combustion ; and to inhale the 
gas is very injurious* 

Chlorine gas decomposes ammonia into the hydrochlo- 
rate of. ammonia and nitrogen. 

• Pr^aration of Gaseous Ammonia* — ^Heat a miztofe ^ 
sal-ammoniac and quicklime in a flask or retort :— - 

NH,a + CaO = Caa -f- HO + NHa. 

Liquid ammoi^ia is prepared by dissolving the gas in 
water. 

Ammonia is employed in medicine and dyeing. Its 
jises io najtttfe are very numerous. 

I 2 
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PHOSPHOHUB. 
Symbol, P ; Equiixdeni, 33. 

This element was discovered by Brandt, and made public 
in 1737. 

PhyskcH Properties, — A solid, generally of a pale straw 
colour, transparent, soft, and flexible. It is poisonous, and 
has a strong odour. In the dark it is luminous. There is 
another kind of phosphorus, called red or amorphous phos- 
phorus, in which all the active properties of on^arj 
phosphorus are absent. 

Specific Gravity, — 1'77. 

Chemical Properties, — ^A simple body, insoluble in 
water, but soluble in the bi-sulphide of carbon. 

Phosphorus absorbs oxygen with great avidily. It com- 
bines with hydrogen in its nascent state. 

Preparation, — By distilling at a red heat a mixture of 
chai*coal and phosphate of lime (bone earth). 

Phosphorus is extensively used in the manu&cture of 
lucifer matches. 

Phosfhobio Aom. 



Anhydride . . 
Ordinary add ( 
(tribasic) • \ 



l^ymbols. 



3H().P0,; 
or,(H,P08). 



Equivalents. 



} 



72 
99 



Physical Properties, — ^In its anhydrous state it is a white 
solid. There are three modifications of this acid, all soluble 
in water :— 

PO»,HO; P0„2H0; P05,3HO; 

or, (H,PO.; H.,PO,; H«,PO,). 

Anhydrous phosphoric add absorbs water with great 
■"idity, passing gradually into its hydrated state. 
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Chemicdl Properties. — ^Phosphoric acid is a very ener- 
getic acid. It is decomposed with great difficulty. 

Preparation* — By burning phosphorus in dry air or 
oxygen, white flakes of anhydrous phosphoric acid are 
formed, which readily dissolve in water. 

By distilling phosphorus with nitric acid. 

Phosphobetted Hydbogek. 
Symbol PH, ; Equivalent^ 35. 

Phf/iskdl Properties.— -A gas without colour, having a 
strong, disagreeable odour, like garlic 
. i^dfic Gravity, — i'i8. 

' Chemical Properties, — Composed of one equivalent of 
phosphorus to three of hydrogen. Has no action on vege- 
table colours. Phosphor§tted hydrogen inflames sponta- 
neously in air, giving rise to phosphoric acid and water. 

Preparation, — ^By heating a mixture of the hydrate of 
potash with phosphorus. 

By decomposing water with the phosphide of calcium. 

CARBON. 

Symbol, ; EquivaleTity 6. 

Physical Properties, — Solid, very inftisible, without 
taste, sometimes without colour, as the diamond. Generally 
of a black colour. 

Density varies fix)m 2 to 3*55. 

It is found in nature crystallized and amorphous. 

Carbon crystallized is a hard, dense body ; a good con- 
ductor of heat and electricity. 

Amorphous carbon is less dense, and a bad conductor of 
heat and electricity. 

Varieties, — The diamond, graphite or plumbago, coke, 
charcoal, bone-black, lampblack, anthracite. 

Chemical Properties. — ^A simple body, insoluble in water 
and other liquids. It has a great affinity for oxygen at high 
temperatures, and is very combustible. 
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PtepanUon of Carbon, — CSuiieoal is prepared by burn- 
ing wood witih a limited sopplj of air. 

Lampblack is prepared by bumiDg oil or rennons sab- 
stanoes. The lampblack collects in fine powder in the uj^r 
part of the chimney. 

Coke is prepared by the combustion of ooal in closed 
retorts, as in the manufacture of gas. 

Bone charcoal is prepared by calcining bones in closed 
vessels. 

dses. — ^For the manufacture of pencils, Indian bik, black 
crayons ; purifying water. 

Animal charcoal is used as a deoolorismg agent m sugar 
refineries. 

OABBONIO AOH). 
Symbolt CO^; Equivalent, 22, 

Physical Properties, — A heavy, colotyrless gas with a 
faint odour and taste. Soluble in its own volume of wat^r. 
May be liquefied by pressure. 

Specific Gravity, — 1*53. 

Chemical Propcrfies.-r^ulomposed of one equivalent of 
carbon and two of oxygen. It extlDgliishes flame, and 
rapidly destroys animal life ; it acts as a narcotic poison. 
Decomposed by passing over red-hot charcoal or iron. 

Preparation, — ist. By burning charcoal in Q. 

2nd. By decomposing carbpnate of lime, C^Q^CO, 
(Ca,COa) with hydrociiloric acid : — 

ClaQ,CJO, -f Ha b; CaCl + HO -f CO.. 

BlSULPHiPB OF QaUBQN. 
Symbol, OS, ; Equivalent, ^H, 

Discovered by Lampadius in 1796. 
Physical Properties,-^A. thin, mobile, coloavless li^d 
with a most disagreeable odour, and very volatile. 
Specific Gravity. ^'^vi'j'X, 
uhemical Properties. — Composed of one of carfaoQ and 
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two of snlphnr. Withoat action on vegetable colours, in- 
soluble in water, bat very soluble in aJcohol. It bums, 
^ving rise to sulphurous and carbonic acids. It forms a 
detonating mixture with oxygen when inflamed. 

Bisulphide of carbon is somewhat analogous to carbonic 
acid. 

Uses. — ^Vulcanizing indiarubber and gutta percha, and 
killing moths. i 

LiQHT GABBUKvrrlfiD Hydrogen. 
Symbol, 0^^ ; Equivcdenl, i6. 

Known as inflammable air, marsh gas, fire-damp. 

Fhysioal Prcperties, — - Permanently gaseous, without 
colour, but having a disagreeable odour. 

Spedfio Gravittf.'-o'^^S. 

Chemical Properties, — It is composed of two equivalents 
of carbon and four of hydrogen, neutral in its action upon 
vegetable colours, and insoluble in water. 

It is not a supporter of combustion or respiration. 

It is combustible ; when mixed with common air it de- 
tonates violently, forming carbonic acid and water. 

Preparflrftbn.— Sixty parts of quicklime, forty parts of 
solid caustic potash, and forty parts of the crystallized 
acetate of soda, are strongly heated together in a retort. 
The reaction consists in the conversion of acetic acid by 
the elements of water into carbonic acid and light carbu- 
retted hydrogen. The affinity of potash for carbonic acid 
is the determining cause. The lime merely prevents the 
potash from fusing and attacking the glass. 

• Decomposition : — 

Acetic acid,C4H,08) CA = 2CO, 

HO. I _ C,H^ 



CAOJ C4H4O4. 

This gas has no use in the arts. 
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8ynd)ol, G4H4 ; SprfvalefiC, ^. 

Sometimes called olefiant gas. 

Physical Properties, — ^At ordmary temperatores a gas, 
but not permaneBtlj gaseous. It is withont coloar^ and 
has the odour of ether. 

Specific Gravity. — 0*97 8. • 

CJiemicai Propei'ties, — It is composed of four equiva- 
lents of carbon and four of hydrogen. Neutral to test- 
paper, and insoluble in water. Mixed witii fdr, it forms 
an explosive compound. When inflamed, tt forms carbonic 
acid and water. 

It is decomposed at a high temperature. 

It is not a supports of combustion or respiration. 

When mixed in equsd volumes with chlonne an oily 
liquid is formed — Dutch oil. If fflie chlorine be in excess 
and a light applied, there is an abundant deposit of cartx)n. 

Preparation, — By heating in a flaSk one part by mea- 
sure of alcohol, C4HeOs> and three parts of sulphuric add, 
SO„HO. 

Decomposition :— 

C^HA + SO;j,HO = S08,H0 + 2HO -^ C^H*. 

Obtained by the distillation of coal in iron retorts. It 
is a mixture of light carburetted hydrogen, heavy carbur 
retted hydrogen, carbonic oxide, hydrogen, and oilier 
volatile products. The clearness of the light is owing to 
the presence of solid particles <rf carbon raised to white 
heat. 



SILICON. 

Silicic Acid. 
Surnbclt SiO, i EguivaLentt 45 '3. 

Physical Properties. — A solid crystalline body, found in 
nature as quartz^ agsite, silex, flint, and sand. It is very 
refractory, scarcely yielding to the heat of the oxyhydrogen 
blowpipe. 

Chemicdl Pr0p9rtie». — Gofnpoeed of one of silicon to 
three of oxygen. It is insoluble in water and adds. Silicic 
add unites with bases, forming silicates. It is- decomposed 
by hydrofluoric acid. 

Its uses in the arts are numerous. 

Ndturcd SQicates^ — Felspar-clays. 

ArtiJkHffl Silicates, — Earthenware, glass, porceTain, &c. 

HYDSOGEN. 
Symbolf H ; Egtriwdeid^ i. 

Discovered by Cavendish in 1777» and ealSed inflam- 
mable ah". 

Physical Properties, — ^Permanently gaseous, withoul 
colour, odout, or taste. 

Density, 0'059. 

Chemical Properties. — Simpple body, slightly sokible in 
water. Has a great affinity for oxyg^, and forms with 
that gas an explosive mixture, which detonates violently 
on the application of a Hgbt. 

It is combustible, but not a supporter of either c<M»bii&- 
tion or respiration. It does not combine directly with 
nHrogen to form ammonia. 

Preparation. — 1st method. — Decomposition of cold 
water by zinc or iron in the presence of sulphuric add :*- 

Zn- + SO„HO = ZnO,SO; + H, 
Fe + SO„HO = FeO,SO, + H; 

or, (Zn + H,S04 = ZujSO^ + H, 
Fe + H,S04 = Fe,SO, + H). 
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2nd method. — By passmg steam throagb a gun bar- 
rel, loosely filled with iron turnings, and raised to a red 
heat — 

4HO + 3Fe = FeA + 4H. 

' Uses, — Formerly employed to inflate balloons. The 
oxyhydrogen light of Drommond, The oxyhydrogen 
blowpipe. 

P&oTQxiDB or Htdbogen— Water. 
Symbol, HO ; Equivalent, 9. 

Physical Properties. — A compound body, liquid at the 
common pressure and temperature. At 32° Fahr. it solidi- 
fies into ice. At 212^ Fahr. it boils. It evaporates at 
all temperatures. 

Water is without colour, but in large masses it appears 
of a blue colour. It is without taste or smell. 

Chemical Properties. — Composed, by weight, of i ot 
hydrogen to 8 of oxygen ; by volume, 2 of hydrogen to i 
of* oxygen. The composition of water was discovered by 
Cavendish and Kicholson in 1 800. The exact quantitative 
composition of water was determined by Gay-Lussac and 
Humboldt 

Analysis of Water. — Ist method. By the decompo- 
sition of steam when passed through a red-hot porcelain 
tube filled with copper turnings. 

2nd method. — The decomposition of water by vol- 
taic electricity. 

Water is a solvent for most substances. 

The purification of water is effected by distillation ; 
such water is called distilled water, and is extensively used 
in the laboratory. 

The uses of water are almost innumerable. 
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METALS. 



POTASSIUM. 
Symhcif K; Equivalent, 39. 
This metal was discovered by Sir H. Davy, in 1807, by ex- 
posing the hydrate of potash, KO,HO (KHOg), to the action 
of a powerful voltaic battery between two plates of platinum. 

Potassium occurs in nature in combination with silicic 
acid, SiOg, in granite, trap, basalt, and other igneous 
rocks. These rocks crumble down by the action of the 
atmosphere, and the potash finds its way into the soil. 
Soils destitute of potash are uniformly barren. It is 
worthy of remark here, that the leaves and young parts of 
plants contain the most potash, while the trunks of trees 
contain scarcely any. 

Potassium in combination occurs in most natural waters, 
and in the sea as the bromide of potassium, KBr, the iodide 
of potassium, KI, and the chloride of potassium, KCl. 

Potassium is prepared in the following manner: — ^A 
mixture of the carbonate of potash, KOjCOj, and powdered 
charcoal is prepared, and thoroughly dried in a covered 
iron pot. When quite cold it is reduced to powder, and 
mixed with -j^g- of its weight of charcoal, in small lumps. 
The mixture is then transferred to a well-hammered iron 
retort, or a bottle in which mercury is imported. The 
retort is placed in a furnace and the fire supplied with dry 
wood, so that the retort is enveloped in fiame and kept at 
a uniform heat, approaching to whiteness. A copper 
receiver is divided by a partition, into one portion of which 
a tolerably large pipe from the retort dips inta naphtha. 
The other side of tihe receiver is filled with ice. The fire 
is now raised in temperature, when decomposition of the 
carbonate of potash, KO^CO^, by the charcoal takes place, 

K 
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carbonic oxide, CO, is abundantlj disengaged, and large 
melted drops of potassium fall into the naphtha. Decom- 
position : — 

KO,CO, + 2C = K + 3CO; 
or, CKCO, + 2C = K + 3OO.) 

If the potassium is required very pure, it is redistilled 
with naphtha in an iron retort. 

Potassium has a bluish white colour. It can be cut 
with a knife; at 32^, it is crystalline; at 70*^, like treacle; 
at 1 50^, it liquefies. It has a sp. gr. of 0*865. 

Oxide of Potassium — Potaskj KO. — When potassium is 
exposed to oxygen, it loses its metallic lustre, and becomes 
potash, KO, which encloses the metal with a white powder. 
When thrown upon water, HO, the powder is dissolved 
off', and the pure metal comes in contact with the water, 
HO, and owing to its powerful affinities for oxygen, the 
water is decomposed into its elements, H and O. The 
high temperature caused by this combination is sufficient 
to ignite the hydrogen. If potassium is heated in dry air 
we obtain potash, KO, but if the air be moist, then hydrate 
of potash, KO,HO, or (KHO,). 

The hydrate of potash, KO,HO (KHO.), is a very im- 
portant compound. It is always prepared by decomposing 
the earbonate of potash, KO,COa (KCOa), with the hy- 
drate of lime, CaOjHO (CaHQ,), forming ^e carbonate of 
lime, CaO,CO, (CaCO,), which is insolubde^ the hydrate of 
potash K0J3.0 (KHO,), remaining in solution. 

Decomposition — 

CaO,H0, + KO,Cp, = KO,HO + GaO,CO, j 

or, (CaHO, + KCO, = KHO, + Ca,COa). 

The liquid containing the hydrate is boiled down, when 
all the water except one equivalent is evaporated. This 
ifumishes the solid hydrate, or caustic potash. It is raised 
in temperature till it melts, when it is run into cylindrical 
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mcmlds abotit the size at lead pencils. It Is kept In good 
stoppered bottles, owmg to its power6il affinilaes "for water, 
HO, and carbonic acid, COj. 

The hydrate of potash is soluble in water, highly alka* 
line, and neutralizes most completely the most powerful 
acids. It dissolves the skin, and is used by. medical men 
foT that purpose. If a solution of it be i^aken with any 
of the fixed oils, we have soap. 

Carbonate of Potash, KO,CO« + 2H0 (K,GO, + 2H0), 
known as potash or pearlash. It is brought to this country 
firom America and Russia, where it is obtained from the 
ashes of barned wood (the potash being derived from the 
soil). The ashes are put into large barrels of water. Ailer 
some time, the water, satmaled with soluble carbonate of 
potash, KO,COa, is drawn off and evaporated to dryness in 
iron cauldrons. The'carbonate is. verf impure, containing, 
along with the carbonate, the silicate, sulphate, and chlo- 
ride of- potassium. The pure carbonate is obtained by cal- 
cining the tartrate of potash, digesting the mass with water, 
and evaporating the filtered liquid to dryness. Carbonic 
acid, CO,, is too feeble an acid to ccanpletely neutralize the 
alkaline reaction of potash. The carbonate has therefore 
an alkaline taste and action on vegetable colours. It is 
used in medicine and the manufacture of glass and soap. 

The Bicarbonate of Potash, KO, CO, + HO,CO, (K.CO, 
+ H,C08), is obtained by passing carbonic add, CO,, 
through a sokttion of the carbonate of potash, KO,CO„ 
when yon obtain a ^Jiite cryftaUioe precipitate of the bi- 
carbonate of potash, KO,CO, -|- HO, CO,. It is less so- 
luble than the carbonate. 

Nitrate of Potash, ItO,K0f5 (k,^Oa).— Nitre or salt- 
petre is brought to this country chiefly from the East 
Indies, where it appears, in some parts, like snow on the 
top of the ground. The nitre is collected, dissolved in 
water, to which a little carbonate of potash is added, to 
throw down the lime. The liquid is evaporated, and we ob- 
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tain tihe nitre of oommeroe. It is used for the mana&ctme of 
nitric acid, HOyNO^, and gunpowder. It has the property 
of preserving meat. In France, large quantities of nitrate 
of potash are manufactured in the following manner: — 
Heaps of old mortar and earth are collected and protected 
from the rain in a shed freely exposed to the air by having 
no sides, merely a roof to keep off the rain. These heaps 
are constantly turned and watered with putrid urine. 
When a good quantity of the salt has been obtained it is 
collected and mixed with water. Besides nitrate of potash, 
the solution always contains considerable quantities ~of the 
nitrates of lime and magnesia. To remove these a solu- 
tion of pearlash (crude carbonate of potash) is added, which 
effects the decomposition of the salts alluded to : — 

CaO,N05 + KO,CO, = CaO,CO, + KCNOj ; 

or, (Ca,NO. + K,COa = Ca,CO, + K,NO.). 

The carbonates of lime and magnesia are insoluble. The 
filtered solution is then evaporated to dryness, and the 
salts purified by re-solution and crystallization. The ni- 
trate of potash, KOyNOs, has no action on vegetable 
colours: it crystallizes in six-sided prisms, and is very 
soluble in water. When thrown on the metals in a state of 
fusion, oxidation occurs at the expense of the oxygen of the 
nitric acid. 

Gunpowder is a mixture of nitrate of potash, sulphur, 
and charcoal, in the following proportions : — 

Nitrate of potash (K0,N05) . 75 parts by weight. 

Carbon (C) 15 

Sulphur (S) .10 
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The best charcoal for this purpose is manufactured horn 
dogwood or elder. When this mixture explodes, the fol- 
lowing rearrangement of the elements takes place: the 
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oxygen of the nitrate of potash, KOjNOj, goes to the car- 
bon, forming carbonic acid, OO4; the amlphur combines 
^svith the potassimn, forming the sulphide of potassium, 
KS ; and the nitrogen is set free. A volume of gas is 
formed occupying a space 1600 times greater than the 
powder, and this accounts ^ the .violence of the explo* 
tion. 

Sulphate of Potash, KO,SOa (K,S04).— This salt is 
formed as the residue of the process for the manu&ctnre of 
nitric acid, from the nitrate of potash, KO,N06, (K,NO«), 
in the presence of sulphuric acid, HOySOg. 

Decomposition— 

KOjNO, + HO,SOa = H0,N05 + KO,SO.; 
or, (K,NO. + H,SO, - H,NO. + K,SO0. 

The sulphate of potash is soluble in water, and is used 
in medicine. The bisulphate of potash, KO,SO, + HO, 
SOg, or (K,S04 + HjSO*), is used in calico printing. 

Chlorate 0/ potash, KOjClOj ; (K,C10e), is largely con- 
sumed for the manufacture of lucifer matches. It is pre- 
pared by passing a current of chlorine through a hot 
solution 01 caustic potash. Six equivalents of chlorine act 
on five equivalents of potash, KO, forming five equivalents 
of chloride of potassium, KCl, and one of chloric acid, 
CIO5, which then unites with a sixth equivalent of potash, 
KO, forming one equivalent of chlprate of potash, KO, 
CIO, ;— 

CI, + KO 

C1,K0 

CJ,KO 

C1,K0 

C1,K0 

Cl,KO 

5KC1 + K0,C10, ; 

or, (6 KO 4. 6 CI = 5KCI -|. K,C10e). 

k2 
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When tliis salt is heated, oxygen is abundantly jusen- 
gaged both from the acid and the base. The ehlorate of 
potash deflagrates violently with combustible matter, ex- 
plosion sometimes occorring by slight blows or touches. 
Sulphur and chlorate of potash explode with a loud report, 
when rubbed together. It cannot be used for gunpoi^der 
for these reasons. 

Hie iodide of potassium^ KI, is prepared by adding iron 
filings to iodine water until the combination is complete 
and the solution colourless. The resulting iodide of iron, 
Fel, is filtered and decomposed with a pure solution of 
carbonate of potash, KO,COj (K,COg), when the following 
decomposition takes place : — 

KI. 



Fel 



KO,CO, 




FeOjCOg; (FeCO,); 



or, Fel + KO,CO, = KI + FeO,CO,. 

The iodide of potassium, KI, is separated by filtration and 
evaporation till the liquid is sufficiently concentrated to 
crystallize in cooling. It is very soluble in water, and 
crystallizes in cubes. The bromide of potassium, KBr, 
may be prepared in the sanae way, substituting bromine for 
iodine. 

All the salts of potash, KO, are without colour when not 
associated with a coloured metallic oxide or a coloured acid. 
They are all more or less soluble in water. 

Tests f(yr Potash 

If tartaric acid be added to a potash solution, a white 
crystalline precipitate of cream of tartar is thrown down. 
Agitation and a few drops of hydrochloric acid, HCl, pro- 
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mote the precipitation. Some time generally elapses 
before the appearance of the precipitate. Bichloride of 
platinum, in moderately dilute solutions of potash salts 
(on the addition of a little hydrochloric acid, gives a 
crystalline yellow precipitate, which is a double salt of bi- 
chloride of platinum and potassium. This compound and 
the cream of tartar are soluble in So parts of cold water. 
A little alcohol increases the delicacy of both tests. 

Salts of potash colour the outer blowpipe flame purple or ' 
violet. This is only seen to advantage, when the salts are 
pure. A little nitrate of potash thrown into a clear coal 
fire produces the same effect. A salt of potash, placed on 
a plate with a little alcohol and inflamed, produces a beau- 
tiful violet flame. 

SODIUM. 
Symbol, Ka ; Equivalent, 23. 

This metal was obtained a few years after the discovery 
of potassium, by Davy, by a similar method to that de- 
scribed under that melal. It is usually prepared by de- 
composing the carbonate of soda, NaO,CO„ (Na,C08),at a 
high temperature, with charcoal. Six parts of anhydrous 
soda are dissolved in a little hot water, and mixed with 
two parts of finely-powdered charcoal and one part of char- 
coal in lumps. The whole is then evaporated to dryness, 
transferred to an iron retort, and heated to whiteness. The 
tube of the retort passes into a receiver, containing rock- 
oil, and the whole operation is carried on the same as de- 
scribed under potassium. The process is easier than in 
the preparation of potassium, and more certain in its 
results. Sodium is a silver-white metal, sofb at ordinary 
temperatures, melts at 195°, and oxidizes in air, passing 
into soda, NaO. Its sp. gr. is 0*972. 

Sodium thrown upon water decomposes it with great 
enei^, the temperature seldom rising high enough to in- 
flame the liberated hydrogen. In hot water it takes fire at 
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once, burning with a yellow flame, and giYing rise to a 
solution of soda, NaO. Sodium resembles potassium in 
its properties. 

Sodiam occurs abundantij in nature, but not in its free 
state. Its most important native compound is the chloride 
of sodium, NaCl, which, as rock salt, occurs in intznense 
beds in different parts of the earth, and also in sea \eater. 
Every natural water contains small quantities of tbis metal 
in combination. Small quantities of soda occur in most 
land plants, but largely in kelp and marine plants. 

Soda^ NaO, is obtained by exposing thin slices of the 
metal to dry air. 

Th^ hydrate of soda, NaO,HO, (Na,HO,), is obtained 
by decomposing a dilute solution of carbonate of soda, 
NaOjCOa with hydrate of lime, CaO,HO, the same as 
described under the hydrate of potassium, KO,HO. 

The solid hydrate is white, highly alkaline, and a power- 
ful solvent for animal matter. It is used in large quanti- 
ties for making soap. 

Carbonate of soda, NaO,COa 4. loHO; or (NajCOg + 
loHO). — ^This is one of the most important compounds of 
soda, from its consumption in glassmaking, bleaching, 
washing, baking, and medicine. It is obtained from vari- 
ous sources. One is from the ash of a plant which is cul- 
tivated on the shores of the Levant, called the salsola soda. 
It is produced in several places on the coast of Spain. This 
is the barilla of commerce, and contains about 1 8 per cent, 
of the carbonate of soda, NaO,COa. That made in Brit- 
tany from sea weeds, and called varec, contains about 5 to 
6 per cent. 

The native sesquioarhonate of soda, 2NaO,300j, is found 
as a natural product on the mai^ins of certain lakes in 
Egypt, Africa, Mexico, and Hungary. The natron lakes 
of Egypt have yielded soda from a very remote period. 
By. far the greater part of the carbonate of soda, NaO,COj, 
is manufectured from the sulphate of soda, NaO,S08, (Na, 
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SO4), by the following method: — About 6oolbs. of 
chLoricle of sodium, NaCl, is placed upon the hearth of a 
-well-heated reverberatory furnace, and an equal weight of 
sulphuric acid, HOjSOg, sp. gr. i '6, is poured upon it 
from an opening in the roof. The sulphuric acid, HOjSO,, 
is thoroughly mixed with the salt; hydrochloric acid, 
HCl, is disengaged, which is either allowed to pass up the 
chimney or condensed. The salt by this process is con- 
verted into the sulphate of soda, NaO,S08, and hydro- 
chloric acid, HCl. 

This sulphate is reduced to powder and mixed with an 
equal weight of chalk, CaO,COj, (CaCO,), and about half 
as much ground coal. Two cwt. of this mixture is thrown 
into a reverberatory furnace and heated to fusion, with con- 
stant stirring. When the decomposition is thought com- 
plete, the melted mass is raked into an iron trough, and 
allowed to cool. It is then broken up into little pieces, 
lixiviated with water, the solution evaporated to dryness, 
and the salt calcined with a little sawdust in a suitable 
furnace. This is the soda ash or British alkali of com- 
merce, and, when good, contains about 50 per cent, of 
pure soda, NaO, partly as the carbonate of soda, NaO, 
CO4, and partly as the hydrate of soda, NaO,HO, the 
remainder being the sulphate of soda, NaOjSOg, (NaS04), 
chloride of sodium, NaCl, and traces of the sulphite and 
hjrposulphite of soda. By dissolving this soda ash in hot 
water, and filtering the solution, the carbonate of soda, 
NaO,COs, is deposited in large crystals as the solution 
cools. The reaction which takes place in the calcination 
of the sulphate with coal dust is as follows : — ^The com- 
bustible matter of the coal converts the sulphate of soda, 
NaO,S08, into the sulphide of sodium, NaS ; this sulphide 
of sodium, NaS, is then decomposed by the chalk, 
CaO,CO,. 
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pa 




NaS 



CaO,CO. {Jg,_:rr^NaO,CO,, 
NaS + CaO,CO, = CaS + NaO,CO, ; 
or, (NaS + Ca,00, = OaS + Na.00,), 

This process for the manufactare of the carbonate of 
soda, was originally proposed by Leblanc, and althongh 
other methods have been proposed, this is foond the most 
advantageoQs. 

The ordinary crystals of carbonate of soda, NaOjCO^, 
contain lo equivalents of water, but by careful manage- 
ment they are sometimes obtained with seven, nine, 
fifteen, and sometimes with only one equivalent of water. 
When heated, they fuse in their water of crystallization. 
The salt dissolves in two parts of cold water, and in less 
than its own weight of boiling water. The solution has a 
strong alkaline reaction and taste. 

Bicarbonate of soda, NaO,CO, + HOjCO^, (Na,CO, -f 
H,008). — ^This salt is prepared by passing carbonic acid, 
COj, into a cold solution of the neutral carbonate,' or by 
placing crystals of the carbonate of soda, NaO,COj, in an 
atmosphere of carbonic acid, COg. A solution of the bi- 
carbonate of soda, NaO,C02+HO,C02, is feebly alkaline, 
and much milder than the carbonate. 

The sesgykarbomite of soda, 2NaO, 3CO, + 4HO, 
occurs on the banks of the soda lakes of Sokena in Africa. 
It is exported to this country under the name of trona. 
This is a by-product in some chemical manufactures. 

Sulphate of soda, Glauber s Salt, NaOjSOg + loHO; or, 
(Na,S04 -f loHO). — It may be prepared by adding di- 
lute sulphuric acid, HOjSOg, to a solution of the carbonate 
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of soda, NaOjCO,. This salt is slightly bitter and purga- 
tive. The mineral springs of Cheltenham contain &\8 
salt. 

The hisulphatey NaOjSOa + HO,SOa + 3HO ; or, (Na, 
SO4 + H,S04 + 3H0). — This salt is very soluble in 
water ; has no acid reaction. When strongly heated it 
gives up an equivalent of sulphuric acid, and becomes the 
sulphate of soda, NaOjSOs, (Na,S04). 

The hyposulphite^ NaO,3aO, (or Na,S,0,), is largely 
used in photography. It is prepared by forming the neu- 
tral sulphite of soda by passing a stream of well-washed 
sulphurous apid, SO^ into a strong solution of the carbon- 
ate of soda, NaOjCO^; and digesting the solution with 
sulphur at a gentle heat for several days ; then, by a care- 
ful evaporation at a moderate temperature, large and regq.- 
lar crystals of hyposulphite of soda, NaO,S,0^ are obtained^ 
which are very soluble in water. 

Nitrate of soda, NaOjNOs,; (Na,NOe).— CwWc Nitre 
occurs native in enormous quantities in Peru, where it 
£)rms regular beds to a very great extent. The nitrate of 
soda, NaOjNOj, is used for making nitric acid ; but it can- 
not be used for gunpowd^r^ as the salt bums too slowlj 
and absorbs moisture. 

The tribasic phosphate of soda, aNaO,HO,P05 -f- 34HO 
(Na,H,P08 -I- 24HO), is prepared by precipitating the 
phosphate of lime with the carbonate of soda, 

A second salt, sometimes called the sub-phosphate» has 
tlie formula 3NaO,PO» -f- 24HO; or (Naa,PO» + 34 
HO). This is obtained by adding caustic soda to the pre- 
ceding salt. 

The tribasic phosphate of soda and ammonia^ or Micro^ 
cosmic SaU, NaO,NH^O,HO,PO» + 8H0 ; or, (Na,NH^ 
HjPOg + 8H0). This salt is prepared by dissolving six 
parts of the common phosphate of soda in two of water, 
when the whole is liquefied. One part of chloride of am- 
monium,^ NH^Cl, is added; chloride of sodium, NaCl,. 



108 ELEICENTABY CHEHISTBT. 

separates, and is removed by the filter; and from the 
properly concentrated solution, the microcosmic salt crystal- 
lizes out. 

Bihasic phosphate of soda, 2NaO,POs + loHO; or 
(NatPOy + loHO). 

lioncixxsic pJiosphate qfsoda, NaOjPOa (NaPOa). 

All the tribasic phosphates give a bright yellow precipi- 
tate with nitrate of silver, AgO^NOfl ; the bibasic and mo- 
nobasic give white precipitates with the same salt 

BiboraJte of Soda, Bai^ax, NaO,2BO, + loHO. — ^This 
salt occurs in the waters of certain lakes in Persia. The 
impore salt is imported to this conntry from the East In- 
dies, under the name of tincal. A great quantity of this 
salt is now prepared from the native boracic acid, BO,, of 
Tuscany, where it occurs, uncombined in the hot springs 
of that country. Although this is an acid salt, it has an 
alkaline reaction to test-paper. It is used in the arts for 
soldering metals ; its action consists in rendering the sur- 
foxxa of the metals to be joined metallic, by dissolving oS 
the oxide. It sometimes enters into the composition of 
the glaze with which stoneware is covered. ► The refined 
borax is used by the washerwomen of Holland and Bel- 
gium, to whiten linen and to soften water. About a hand- 
ful is mixed with ten gallons of boiling water. The saving 
of soap is nearly one half, and the borax does not injure 
the linen. 

Common Salt, cMoride of sodium, NaCl. — A large quan- 
tity of salt is obtained from the brine springs of Droitwich ; 
but our chief supplyjis from the mines of Cheshire. Rock 
salt is always too impure for use ; and if nt> natural brine- 
spring exists, one is formed by sinking a shaft into the rock 
salt, and introducing water. This water, when saturated, is 
pumped up, and evaporated in large iron pans. As the salt 
separates, it is removed by means of a wooden scoop, and 
pressed, while moist, into moulds, and then transferred to 
the drying stove. When large crystals are required, as for 
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bay salt, the evaporation is conducted very slowly. Com- 
mon salt generally contains a little chloride of magnesium, 
MgCl. The iodide of sodium, Nal, and the bromide of 
sodium, NaBr, are similar to the corresponding potassium 
compounds. 

Tungsiate of Soda, NaO,Wos,2HO, or NaWo,,2HO. 
Every year considerable loss of life occurs from the inflam- 
mable nature of materials used for dress. Solutions of 
several salts have been proposed with a view of rendering 
fabrics non-inflammable. From numerous experiments, it 
appears that a solution of the tung&tate of soda is greatly 
to be preferred. A concentrated neutral solution of the 
salt is diluted with about one-third of water, and then 
mixed with three per cent, of phosphate of soda. 

This solution is found to keep well, and is used in the 
Royal laundries. The lightest muslin washed in this solu- 
tion and dried, becomes non-inflammable. 

Analysts of Droitwich Brine. 

Grains. 
Chloride of sodium • • • • 21761*872 
Cliloride of magnesium . • , . 2 • 56 

Sulphate of lime . . . . . 91*12 

Sulphate of alumina . . . • ^4*4 

Sulphate of soda 342 * 72 

Iodide of sodium * 208 



Total 5a7^5 to an imperial gallon . • 22212*88 

l^sts. 

All the soda salts are very soluble in watrr, except the 
antimoniate. The presence of soda is generally determined 
by purely negative evidence in the following manner. To 
the solution of the unknown substance caustic potash is 
added, and heat applied : no odour of ammonia indicates 
the absence of that body. The salt then must contain 
either potassium or sodium. A solution of bichloride of 

L 
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platinum or tartaric acid is added. If no precipitate' is prd^ 
duced, the salt contains sodiuro. This may be oonfirnned bj 
adding solution of antimoniate of potash, which produces a 
white precipitate. 

In the blow 
yellow colour. 



bite precipitate. 
In the blowpipe flame sodium compounds bum with a 



AMMONIUM. 
Symbol, NH^ ; Equivalent, i8. 

In connection with potassium and sodium, ammonium 
may be conveniently studied. 

Ammonia, NH4O, is the oxide of a hypothetical body 
called ammonium. This oxide however, when liberated 
from any combination, always splits up into gaseous am- 
monia, NHs, and water, HO ;— NH4O = NH, -f HO. 
The salts of ammonia correspond exactly with those of 
potash and soda. All attempts to isolate ammonium have 
failed, from its tendency to separate into ammonia, NH,, 
and hydrogen. Ammonium plays the part of a metal in 
the composition of salts ; it is capable of replacing sodium 
and potassium. The sal-ammoniacum of the Romans was 
the hydrochlorate or muriate of ammonia, and was obtained 
as a natural product from a district in Libya. Ammonia 
was called by the alchemists Spirits of hartshorn, because it 
was obtained by the distillation 'of deers' horns, in close 
vessels. It is sometimes called the volatile alkali. 

Although ammonium has never been isolated, it is pos- 
sible that it is not behind potassium and sodium in metallic 
lustre, and the ordinary physical characters of a metal. An 
amalgam of NH4 with mercury may be prepared. 

If a small quantity of mercury be heated in a test-tub^ 
with a grain or two of potassium or sodium, and a gentle 
heat applied, violent combination ensues, attended with the 
production of light and heat. When cgld, the fluid amal- 
gam is put into a saucer, and covered witl> a strong solution 
of the hydrochjorate of ammonia. The mercury increases 
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enormously in volume, and a pasty ammoniacal amalgam is 
formed. Left to itself, it quickly decomposes into mercury, 
ammonia, and water. 

The great resemblance the ammoniacal salts bear to those 
of potash and soda, is the chief argument in favour of the 
existence of ammonium. ** 

In the manufacture of coal gas, much ammonia is formed 
by the combination of the nitrogen and hydrogen of the 
coal. In the manufacture of bone charcoal ammonia is al^o 
produced ; but in both cases it is very impure. 

If sal-ammoniac be reduced to powder, mixed with 
quick-lime, and heated in a retort, gaseous ammonia is 
abundantly evolved; and as water dissolves about 500 
volumes of the gas, it must be collected over mercury, or 
by displacement. The vessel in which the gas is collected 
must be held above the orifice from which it is issuing, the 
same as if it were hydrogen. The following decomposition 
takes plac6 : — 

NH^a 4. CaO = CaCl + HO -f NH3. 

Ammohia compounds are now largely manufactured 
from gas liiquor, and the condensed products obtained from 
the distillation of bones and other animal refuse, as men- 
tioned under bone charcoal. It was formerly obtained in 
Egypt firom the soot of camel's dung. 

The alkaline action of ammonia may be tried with tur- 
meric, litmus paper, or purple cabbage water. 

When ammonia comes in contact with one of the volatile 
adds, dense white fumes are formed. A test-tube being 
rinsed out with hydrochloric acid, HCl, and held over a 
vessel from which ammonia is issuing, white fumes and 
solid crptals of sal-ammoniac are formed by the union of 
the ammonia with the hydrochloric acid. • 

If gaseous ammonia, or ammonia water, be added to a 
solution of sulphate of copper, a splendid azure blue com- 
pound is formed. This colour is formed by a bluish pre? 
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cipitate, which is redissolved by excess of ammonia, and the 
blue colour produced afterwards. 

Ammonia, when uncombloed, may be readily recognized 
by any of the characters above described. 

Chloride of Arrmonium, ScU-ammoniac, NH^jCI, is pre- 
pared from gas- or bone-liquor. The solution is treated 
with a slight excess of hydrochloric acid, HCl, by which 
the ammonia is neutralized, and the carbonate of ammonia, 
NH40,C0t, and sulphide of ammonium, NH^S, are decom- 
posed, with evolution of carbonic acid, CO,, and sulphu- 
retted hydrogen, HS. The liquid is evaporated to dryness, 
and the salt carefully heated to expel the tarry matter with 
with it is associated. It is then purified by sublimation in 
iron vessels lined with clay and covered with domes of 
lead. This salt is sublimed without decomposition. 
Chloride of ammonium, NH4CI, forms double salts, with 
the chloride of magnesium, MgCl, chloride of nickel, NiCl, 
chloride of cobalt, CoCl, chloride of zinc, ZnCl, chloride of 
copper, CuCl, chloride of manganese, MnCl, and bichloride 
of platinum, PtClj. 

Sulphate of Ammonia, NH^O.SOa -(- HO ; f NH^SO* 
+H0). — This salt may be prepared by neutralizing the 
carbonate of ammonia with sulphuric acid; but it is 
largely manufactured for agricultural and commercial pur- 
poses by neutralizing gas liquor with sulphuric acid, evapo- 
rating the solution, and purifying the product, which is 
impure sulphate of ammonia, NH^OjSOj + HO. It is 
soluble in two parts of cold water, and crystallizes in long 
six-sided prisms, which lose an equivalent of water when 
heated. The sulphate of ammonia is entirely decomposed 
by ignition, and by long boiling with water the ammonia is 
volatilized, and the liquid rendered acid. # 

Carbonate of Ammonia, NH^OjCO^ — The carbonates of 
ammonia are very numerous. The neutral anhydrous car- 
bonate ^which is, however, not a true salt), NHb^CO,, is 
prepared by the direct union of well dried and cooled car- 
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bonic acid, OOg, and ammoniacal gas. These gases com- 
bine in the proportion of one volume of carbonic acid, CO,, 
with two volumes of ammonia, NHg. The compound is 
very volatile, has a pungent odour, is soluble in water, and 
condenses in white flakes. The carbonate of ammonia 
nsed in medicine is prepared by subliming a mixture of 
chloride of ammonium, NH^Cl, and carbonate of lime, 
CaO,COg. This compound contains a less quantity of 
base than - the neutral carbonate. Its composition varies, 
but in freshly-prepared specimens it approaches the ses- 
quicarbonate, 2(NH40),3COa. 

Sesquimrbonate of ammonia 2(NH40),3C02. — This salt is 
very unstable ; it is decomposed by a shght increase of 
temperature. By exposure to air, it loses its odour, and 
becomes a soft, white powder, which is the bicarbonate of 
ammonia. 

Bicarbonate of ammonia^' NH40,C0g -|- HO,CO, ; 
(NH4,C03 -t- H,C08).— This salt, although volatile, is 
more permanent than the sesquicarbonate. The bicarbonate 
of ammonia, NH40,C02 -f- HO,COa, resembles, in every 
respect, the bicarbonate of potash, KO,COg -f- HO,COg. 

Nitrate of ammonia, NH^OjNO,, (NH^^NOg), is pre- 
pared by adding dilute nitric acid, HOjNOj, to the car- 
bonate of ammonia, !NH40,C0h, until the solution is 
neutralized, and slowly evaporating at a moderate tempera- 
ture. The salt crystallizes out in six-sided prisms, like the 
nitrate of potash, KOjNOj, and deflagrates like that salt. 
When heated it is decomposed into nitrous oxide and water. 
The acetate and citrate of ammonia are prepared by 
neutralizing the carbonate with acetic or citric acid. 

Wlien ammonia, or its carbonate, is neutralized by 
hydrochloric acid, HCl, hydrosulphuric acid, HS, Jiydriodic 
acid, HI, and hydrobromic acid, HBr, the resulting salts 
are anhydrous, and contain ammonium, NH^, united to the 
radical of the respective acids : — NH4,C1 ; NH^yS ; NH^,! ; 
NH«Br. 

L 2 
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The salphide of ammoniam may be prepared by distil- 
ling the diloride of ammoniam, NH^Cl, with the corre- 
sponding sulphide of potassium or sodium. The bisulphide 
of ammonium is a compound of great practical utility, 
NH4S + HS. It is obtained by saturating a solution of 
ammonia with well-washed sulphuretted hydrogen until 
the solution is saturateci. By exposure to light, it becomes 
slightly yellow. It gives precipitates with most metallic 
solutions, several of which are very characteristic. 

Tests. 

All the salts of ammonia are more or less soluMe. The 
acid tartrate, and the double chloride of ammonium and 
platinum being the least so. Ammonia, therefore, gives 
with the bichloride of platinum, PtCl^, and with tartaric 
acid, 2H0,T, the same reactions as potash. The precipi- 
tates are similar in composition. 

Ammonia may be recognized with certainty in the 
presence of all other bases by its being set free in a 
gaseous state, by the action of any of the caustic alkalies or 
idkaline earths (the hydrate of lime, CaO,HO, is the best 
for this purpose) ; and by its odour, and the white fiimes 
produced when a glass rod moistened with hydrochloric 
acid, HCl (not fuming acid), is brought near the compound 
acted on as above. There is no blowpipe test for am- 
monia. 

BAEIUM. 
Symbol, Ba ; Equivalent, 68. 

Barium was obtained by Sir H. Davy : • it is a white, 
silver-looking metal, malleable, melts below a red heat, and 
slowly oxidizes in air. It may be prepared by heating 
baryta, BaO, in a porcelain tube, through which the 
vapour of potassium is passed. The barium is then 
extracted by mercury, and the amalgam distilled in a 
small Bohemian glass retort. 
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There are two oxides of barium, — the protoxide, BaO, 
and the binoxide, BaO,. 

Baryta, or barytes, BaO. — The carbonate and sulphate 
of baryta occur in considerable quantities in some lead 
mines. From these salts baryta is obtained. If pure 
baryta is required, the crystallized nitrate of baryta is decom- 
posed by heat in a porcelain crucible until red vapours of 
NO4 cease to be disengaged. Baryta remains in the crucible 
as a grey spongy mass. If this residue be mixed with 
water, it forms a hydrate of baryta, BaO,HO ; (BaHOg), 
The hydrate of baryta has a great affinity for carbonic acid, 
and is soluble in water. A hot saturated solution deposits, 
on cooling, crystals having the following composftion : — 
BaO,HO + 9HO. 

The hydrate of baryta is highly alkaline ; and a valuable 
reagent. The smallest trace of carbonic acid instantly 
renders the solution turbid. 

77i6 binoxide^ BaO^, is prepared by raising to a red heat 
baryta, BaO, in a porcelain tube, through which a current 
of oxygen is passed. 

Chloride of barium, BaCl + HO. — If the -carbonate of 
baryta be dissolved in hydrochloric acid, and the solution 
filtered and slowly evaporated, crystals of the chloride of 
barium are deposited in the water of crystallization. 

Sidphate of baryta, BaO,S08(Ba,SOJ, called heavy spar, 
is oflen found beautifully crystallized in lead mines. It may 
be produced when any soluble sulphate is added to a solu- 
tion of any baryta salt. It is insoluble in water, or in acids. 
Boiling nitric acid dissolves a little, but the salt separates 
on cooling. Sulphate of baryta is used for painting, and 
adulterating white lead. 

The nitrate of baryta, BaOjNO, (Ba,NOe), is prepared 
in the same way as the chloride, substituting nitric acid for 
hydrochloric, but the crystals are anhydrous. This salt is 
more soluble in pure water than in dilute nitric acid. A 
precipitate of the nitrate of baryta may be distinguished 
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from the sulphate by its disappearance on the application 
of heat, or the addition of a large quantity of water. 

Nitrate of baryta is used in the manufecture of green 
^re: — 

Nitrate of baryta 450 grains 

Sulphur 150 „ 

Chlorate of potass 100 „ 

Lamp-black 25 „ 

The same precautions to be observed as are given under 
"red fire," p. 117. 

Carbonate of baryta, Witherite, BaO,COg (BajCOa). — 
This, like the sulphate, is found in some lead mines. It 
may be prepared by dissolving the chloride of barium, 
BaCl, in water, and precijHtating with the carbonate of 
soda or any other alkaline carbonate. 

The hydrate of baryta is used in the laboratory to 
separate carbonic acid from gaseous mixtures ;' the nitrate 
and chloride to precipitate sulphuric acid. 

Tests. 

Sulphuric acid and the soluble sulphates precipitate im- 
mediately the sulphate of baryta, BaO,S08; insoluble in 
acids and alkalies. 

Chroriiate of potash precipitates in neutral and alkaline 
solutions a pale yellow precipitate of the chromate of 
baryta ; insoluble in acetic acid and alkalies. 

Oxalic acid precipitates in concentrated solutions the 
white oxalate of baryta ; soluble in acids. A few drops of 
ammonia promote the formation of the precipitate. 

STRONTIUM. 

/S'ymfeo?, Sr ; E^ivcUent, 4i'S, 
This metal may be prepared by means like those de- 
scribed for barium, and is analogous to that metal in its 
physical and chemical properties. All the soluble salts of 
baryta are poisonous; thiis is not the case with strontia 
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salts. It is found as a carbonate and salpliate in lead 
mines. 

Protoxide of strontium^ strontkij SrO. — This oxide may 
be prepared by decomposing the nitrate with heat, as under 
baryta. The hydrate has a great affinity for carbonic acid. 

The binoxide of strontia, SrO„ may be prepared like the 
binoxide of barium. 

All the salts of strontia may be prepared by methods 
similar to those described under the salts of baryta. 

The chloride of strontium, SrCl, is soluble in two parts 
of cold water. It is also soluble in alcohol, and when 
kindled, bums with a beautiful crimson flame. 

The nitr(xte of strontia, SrOjNOs (Sr,NOe), is used for 
the manufacture of red fire : — 

Nitrate of strontia (dry) .... 800 grains 

Sulphur 225 „ 

Chlorate of potass 200 „ 

Lamp-black 50 „ 

The strontia, sulphur, and lamp-black must be well 
powdered and well mingled together, after which the 
chlorate of potass may be added in rather a coarse powder, 
and mixed with the other ingredients, without much fric- 
tion. The red fire has sometimes ignited spontaneously. 

Tests. 

The soluble sulphates and sulphuric acid precipitate 
completely from its solutions the sulphate of strontia ; the 
precipitate does not appear for some time, unless the solu- 
tion is concentrated. The precipitate is insoluble in acids 
and alkalies. 

Chromate of potash produces no precipitate, the chro- 
mate of strontia being soluble. 

Oxalic acid precipitates the white oxalate of strontia in 
very dilute solutions ; a little ammonia promotes the for- 
mation of the precipitate. 



118 ELEMEKTART GBEUISTRT. 

dalte of strontia^ heated on a platinum wire in ihe inner 
flame of the blowpipe, give a crimson colour. 

OALGIUM. 

Symbol, Ca ; Eqtnwlsnt, 30. 

This metal is obtained with difficulty. It has been 
seen by very few persons. It is described as a silver 
white metal, and has a great affinity for oxygen, passing 
into lime, CaO. The term calcareous is derived fi^om the 
Latin word ealop. 

Calcium may be obtained by electrolysing in contact 
with mercury i^e hydrate of lime ; the amalgam is then 
decomposed by distillation. It may also be obtained by 
strongly heating lime in an iron tube through which the 
vapour of potassium is passed. The reduced calcium is 
extracted by mercury, and the mixture distilled in a small 
green glass retort. 

The protoxide of calcium^ or qmcMime^ is obtained by 
heating the ca]^nate of lime, CaO, CO,. The black lime- 
stone of Kilkenny and Derbyshire is the best for this pur- 
pose. If lime be required absolutely pure, the nitrate of 
lime is precipitated with the carbonate of ammonia, and 
ignited to whiteness in a platinum crucible. Lime for 
ordinary purposes is obtained by calcining chalk in a kiln ; 
a red heat continued for some hours is sufficient to liberate 
the whole of the carbonic a'cid. In the best lime kilns the 
process is carried on continuously by broken limestone and 
fuei being thrown in from the top and the lime raked out 
at intervals at the bottom. When the limestone contains 
silica^ and the temperature is very great^ the lime refuses to 
slake ; silicate of lime is formed, and the lime is said to 
have been overbumed. Pure lime is quite infusible ; at a 
high temperature it emits a pale light. When sprinkled 
with water it" slakes and crumbles into a soft white powder, 
which is the hydrate of lime, CaO,HO (CaHO.). When 
quicklime is mixed with water the temperature is raised 
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sufficiency to explode ganpowder and char wood ; carts 
laden with lime have sometimes been set on fire by a 
shower of rain. The equivalent of water may be expelled 
by raising it to a red heat, the hydrate returning to its 
original protoxide of calcium. This hydrate of lime is 
soluble in water ; and the colder the water, which is aa 
exception to the general rule, the more lime is taken up. 
A pint of water at 60° will dissolve about eleven grains ; 
at 212°, about six. 

IdTm-water may be preparjad by agitating with water in 
a stoppered bottle the hydrate of lime : when the excess of 
lime falls to the bottom, the water may be poured off and 
a fresh quantity added. If lime-water be exposed to the 
atmosphere ii> an open vessel, it becomes covered with a 
thin film of the carbonate, which is due to the absorption 
of carbonic acid from the atmosphere. The hardening of 
mortar is partly owing to the gradual absorption of carbonic 
acid. Some cements, which are used for cementing the 
piers of bridges and other structures under water, contain 
alumina, silica, and oxide of iron. The cement has to be 
prepared with great care. When these cements are gi'ound 
to powder and mixed with water, solidification ensues, and 
in this state they effectually resist *the action of water. It 
is thought that a chemical combination takes place between 
the silica, oxide of iron, and alumina. In ordinary mortar 
no such combination takes place between the silica (sand) 
and the lime. 

The beneficial use of lime for agricultural purposes is a 
matter of dispute; it is however, useful in causii^ the 
rapid decomposition of organic matter in peaty soils. These 
soils are barren from the excess of vegetable matter. In 
clayey soils it acts beneficially by liberating the potass, which 
exists as an insoluble silicate in combination with alumina. 

The bmoxide of cakii^m, CaOj, may be prepared by ex- 
posing lime to a red heat in a porcelain tube» and a current 
of oxygen passed through the tube. 
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Carbonate of lime^ CaOjCOj (CajCOa).^ — This is one of 
the most widely distributed compounds in the mineral world, 
forming whole mountains of immense thickness in almost 
eveiy part of the world. It is the chief constituent of chalk, 
shells, and coral reefs. In nature the carbonate of lime is 
seldom pure ; it generally contains clay, iron, and organic 
matter. But the most ancient of the cr}'sta]line limestones 
are destitute of organic remains, while the chalk is almost 
entirely made up of the exuviae of once living beings. Lime- 
stone caverns are often lined with magnificent crystals of 
calcareous spar, which have been slowly deposited from a 
watery solution. These stalactite incrustations are often of 
great beauty. In pure water the carbonate of lime is 
scarcely soluble, but when the water contaiife free carbonic 
acid it is taken up. If lime-water be added to a vessel 
containing carbonic acid, a milky-wTiite precipitate is 
formed ; but on agitation, if the carbonic acid be in excess, 
the turbidity disappears, and a clear, transparent solution 
of carbonate of lime is obtained. If the clear solution is 
boiled, the carbonic acid is expelled, and the carbonate of 
lime again precipitated. All natural waters contain car- 
bonic acid. Lime in th^ condition of a carbonate is almost 
always present in river and spring water. In limestone 
districts it is often present to a very gieat extent. The 
hardness of water is usually owing to tiie presence of car- 
bonate of lime. This hardness may be considerably re- 
moved by boiling; it is, however, most completely 
removed by the addition of lime-water, when the car- 
bonate of lime is precipitated. It is upon this principle 
that Professor Clark's process for softening water is based. 
The hardness of water containing carbonate of lime is called 
temporary, because it may be removed in a great degree 
by the methods mentioned. The use of such water for 
domestic purposes is attended with a great loss of soap ; 
soap cannot act as a detergent until the whole of the lime 
is precipitated. Tea-kettles and boilers in which such 
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\vater is heated become lined with a thick ipcrustatioD. 
Dr. Ritterbaiid has proposed a method of removing this 
deposit, which consists of throwing into the boiler a small 
quantity of sal ammoniac, when carbonate of ammonia is 
formed, which is volatilized hy the high temperature, 
chloride of calcium remaining in solution. This method is 
not applicable to permanently hard waters, which generally 
contain sulphate of hme, CaOjSOg. All the other salts of 
lime may be obtained from the carbonate by dissolving it 
in the various acids. 

Stdphate of lime, gypsum, alabaster, CaO,SO, (Ca,S04). 
-—This salt is occasionally found, associated with rock salt, 
in an anhydrous and crystalline state. When regularly 
crystallized it is called selenite. If the chloride of calcium 
in solution be mixed with sulphuric acid, the sulphate of 
lime is precipitated ; it is soluble in about 500 parts of 
cold water. The sulphate of lime is more soluble in water 
containing the nitrate of potash. Gypsum, or the hydrated 
sulphate, is largely employed in the arts for moulds, 
statues, and casts. The native hydra6ed sulphate, CaO,S08 
+ 2H0, if exposed to a temperature of 250° F. in an 
oven, is deprived of its water of crystallization, and after- 
wards reduced to powder. When mixed with water it 
solidifies into a hard hydrate ; but this solidification does 
not take place if the gypsum has been overheated. It is 
called by workmen plaster of Paris. Scagliola work, or 
artificial-coloured marble, is often prepared by inserting 
pieces of natural marble in the sulphate when the plaster 
is soft, and polishing the surface when the plaster has 
hardened. It is not possible to burn plaster when it has 
been once used, so as to make it set again. Sulphate of 
lime is a common impurity of spring water. When water 
contains this salt in solution it is said to be permanently 
hard, since this hardness cannot be removed. 

Phosphates of Lime, — ^There are several compounds of 
lime with phosphoric acid, two of these are tribasic — 

M 
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2CaO,HO,PO» ; or, (Ca,H,PO0. 
3CaO,P03; or, (Ca^POe). 

These two salts are produced when the corresponding 
soda salts are added to a solution of the chloride of caJ- 
cium. Bone earth consists of a combination of these salts. 
Bibasic and monobasic phosphates of lime exist. These 
are insoluble in water, but soluble in dilute acids. 

Chloride of lime, CaO,Cl. — This salt is extensively 
manufactured as bleaching powder. If moistened hydrate 
of lime be exposed to chlorine gas this compound is pro* 
duced. The chlorine is at first supplied slowly, so as to 
prevent any great increase of temperature. It is soluble 
in ID parts of water. The solution is highly alkaline and 
its bleaching properties are weak. When the hydrate of 
lime is suspended in cold water, and chlorine passed 
through the solution, the lime is gradually dissolved ancl 
the same bleaching compound is also produced. The 
hydrates and carbonates of the alkalies may, by similar 
methods, be made to absorb chlorine and form correspond- 
ing compounds, which are sold as disinfecting fluids. 

The exact constitution of the bleaching compounds of 
lime is involved in some obscurity. It is thought that 
these salts contain hypochlorous acid, a body as remark- 
able for its bleaching properties as chlorine. 

If good bleaching powder be distilled with dilute sul- 
phuric or nitric acid, but not in sufficient quantity to 
entirely decompose the salt, h3rpochlorous acid is obtamed, 
sulphate or nitrate of lime being formed simultaneously 
with the chloride of calcium. The following equation 
will illustrate the decomposition — 

(2CaO,a) + H,SO, = Ca,S04 + CaCl + CIO + HO. 

This has led some chemists to view bleaching powder 
as a combination of chloride of cc^dum and hypochlorite of 
lime : — 

2(0aO,CI) = GaCl + CaO,aO. 
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If these saH» be ezpoeed to hecdi, their blesu^hing proper- 
ties are entirdy destrojed. If exposed in am open yessd 
they absorb carbonic acid and evolve chlorine. 

Bleaching powder thtis varies in valtie with its age, the 
care bestowed in its preparation, and its subsequent exclti- 
sion from the atmosphere. 

The general outline of the method folbwed in bleaching 
is as "follows :— The goods are soistked in a dilute solution 
of chloride of lime ; they are then removed to a vat con- 
taining dilute sulphuric acid. The bleaching powder item' 
undergoes decomposition by the^ acid. 

.CaO,a + H,S04 = Ca,S04 + HO + CI ; 

or, CaCl + CaO,Cl + 2(H,SO0 =- 2(CaS0^) + 2HO 
+ 2CI. 

The free chlorine disengaged in contact with' the dlticle 
to be bleached causes a complete destruction of the colour^ 
ing matter. As the solutions of lime and sulphuric acid 
are very dilute, this process has to be repeated several 
tihiesi If a pattern be stamped- upon a coloured cloth 
with tartaric acid thickened with gum-water, and the cloth 
affcerwards immersed in the lime-bal^, no alteration of 
colour will take place except in those parts* stamped- with^ 
the acid. The aeid acts, in this case, precisely the same 
as in the dilute sulphuric acid bath. The chlorine is dis- 
engaged, and the colour completely removed, in those 
parts stamped with the acid. We then obtain whito' 
patterns upon a coloured ground. If chloride of lime be 
mixed with water and placed in a saucer or basin, and a 
little acid added to the mixture, free chlorine is liberated ; 
or cloths may be dipped in the solution and hung in rooms. 
One of these methods is usually adopted when chlorine is 
iised as a disinfectant. 

Chloride of Calcium, CaCI. — This salt is prepared by 
dissolving marble in hydrochloric acid. . It is also a pro- 
duct in many chemical operations, and is used for drying 
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gases. When mixed with snow or powdered ioe it pro- 
duces artificial cold. It is also used to determine the 
amount of hydrogen in organic bodies. 

Sulphide of ccicium, GaS, is obtained by reducing the 
sulphate of lime at a very high temperature with charcoal. 
Tliis salt is slightly soluble in water. It is produced in 
the manufacture of carbonate of soda.* 

Fluoride of cdhiumj or fluor-spar^ GaF, is tihe source 
from which hydrofluoric acid is prepared, and the other 
fluorides. It is found in beautiful cubic crystals, of various 
colours, in lead mines. It is decomposed by sulphuric 
acid. 

Phosphide of calcium, CaP, is a brown-looking sub- 
stance; it yields inflammable phosphuretted hydrogen 
when thrown on water. It is prepared by passing the 
vapour of phosphorus over fragments of lime heated to 
redness in a porcelain tube. 

lests* 

Sulphuric acid and the alkaline sulphates |^ve no preci- 
pitate, except in concentrated solutions of lime, and then 
only a partial precipitate, which completely dissolves in 
excess of water. 

Chromate of potash gives no precipitate. 

Oxalic acid throws down in dilute neutral solutions of 
lime the white oxalate of lime ; a little ammonia renders 
the reaction more delicate. 

MAGNESIUM. 

Symbols Mg ; Equivalerd, *i 2. 

Magnesium is a white malleable metal, resembling zinc 
It has no use in the arts, and is prepared by heating the 
chloride of magnesium with sodium in a test tube of 
German glass. Combination takes place with great energy 
and elevation of temperature, the chloride of sodium being 
formed, and metallic magnesium set free* When the tube 
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id oold it is broken up a&d the oontents pnt into cold- 
water, by which the metal is separated from the salt 

Magnesia, MgO, is the only oxide of this metal. It 
may be obtained pure by raising to a red heat, in a porce- 
lain crucible, the magnesia of the shops. It is a sofl white 
powder, attracts moisture and carbonic acid from the at- 
mosphere; unites slowly with water, forming a hydrate 
MgO,HO, or (Mg,HOa) ; it is slightly soluble in water. 
Its alkaline reaction is best observed by ndoistening a little, 
and placing it upon litmus paper. The most powerful 
sicids are completely neutralized by magnesia^ 

Oarh&nate of magnesia ; MgO,CO„ or (MgCO,), occurs 
native, very much resembling calcareous spar. 
' If magnesia, MgO, be dissolved in water saturated with 
carbonic acid, and the solution leflb to evaporate, small pris- 
matic crystals of the carbonate of magnesia are deposited 
with three equivalents of water. The 'carbonate sold in 
the shops is usually prepared by the addition of a hot 
solution of the carbonate of potass or soda to any soluble 
salt of magnesia. The precipitate, although usually called, 
and sold as, the carbonate, is not so. The salt is not con- 
stant in its composition. It usually has the following 
formula : — 

4(MgO,CO,) + MgO,HO + 6H0 ; 

Sulphate of Magnesia, Epsom Salts, MgO, SOg + 7IIO ; 
(Mg,S04 + 7HO). — ^This sah is now largely manufac- 
tured by the action of sulphuric acid on magnesian lime- 
stone. It occurs in sea water and many mineral springs, 
is very soluble in water, has a disagreeably bitter taste, 
and purgative action. When heated, six equivalents of 
water pass off, the other equivalent being retained. Sul- 
phate of magnesia forms double salts with the sulphates of 
potash and ammonia. 

Phosphate of Magnesia, 2MgO,HO,P05 + 14HO; or, 
(MgaHjPOg + 14HO). — If a solution of tiie sulphate of 

M 2 
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magnesia and the phosphate of soda are mixeil together, 
and allowed to remain some time, small prismatic crystals 
of the phospliate of magnesia separate. This salt exists in 
the grain of wheat, barley, and oats, and is found in con- 
sideflible quantities in beer. 

Phosphate of Magnesia and Ammonia, — 2MgO,NH^O, 
PO, + 12HO; or, (Mg,NH4,P0e + 12HOJ).— When 
any soluble phosphate is added to the sulphate of magnesia, 
a white precipitate slowly separates. If ammonia be 
added with the phosphate, and the solution concentrated, 
a crystalline precipitate appears at once ; if the solution be 
dilute, the precipitate only appears after some time. This 
precipitate is the phosphate of magnesia and ammonia, 
2MgO,NH40,P04 + 1 2 HO. This salt is slightly solu- 
ble in pure water. When heated, it is resolved into the 
bibasic phosphate of magnesia, 2MgO,P04, or (MggPO^). 
At a red heat, it fuses into a white enamel-looking mass, 
and is present in some forms of urinary calculus. 

Silicates of Magnesia, MgO,SiOs. Steatite, or Soapstone, 
chiefly found in Cornwall. Meerschaum, MgO.SiO, -4- HO, 
used for making pipe bowls. Chrysolite, 3MgO, SiO,; 
augite, hornblende, and jade, are composed of variable 
quantities of magnesia, silicic acid, alumina, and iron. 

Chloride of Magnesium, Mg,Cl. — This salt is obtained 
with some diflSculty, owing to the obstinacy with which 
the last portions of water are retained. When magnesia 
is dissolved in hydrochloric add, water and the chloride of 
magnesium are formed — 

MgO + Ha = MgCl + HO. 

This salt is very soluble, and the last portions of water are 
not evaporated from the solution without decomposition, 
the magnesia uniting with the oxygen and the hydrogen 
with the chlorine. 

Tests. 

The salts of magnesia are colourless. 
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The caustic alkalies and ammonia give a white gelatinous 
precipitate with magnesium salts, insoluble in excess, but 
soluble in chloride of ammonium. • 

Carbonates of soda and potash give a white precipitate* 
Carbonate of ammonia gives no precipitate in the cold.' 

Soluble phosphates give a white crystalline precipitate 
on the addition o£a little ammonia. 

BiANGANESE. 

iGfymboZ, Mn; Equivalenit 27*6. 

The metal manganese, or more properly the carbide, is 
prepared by heating the oxide with charcoal and borax. 
The process is rather difficult 

Manganese is only known as a chemical curiosity ; it is 
put to no use in the arts. The metal is described as re- 
sembling cast iron, hard, brittle, and destitute of magnetic 
' properties. 

There are seven oxides of manganese, but two of these 
oxides are probably secondary compounds — 

MdO, the protoxide. 

MusOs, sesquioxide, 

MnO,, binoxide, 

Mn,04, red oxide = MnO,Mn,Oa, 

Mn^O^, varvicite = MnaO„2MnOt, 

MnOs, manganic acid, 

Md fij, permanganic acid. 

The protoancky MnO, may be obtained in its anhydrous 
state by heating the carbonate of manganese in an atmo- 
sphere of hydrogen or steam ; the carbonic add is disen- 
gaged, and a green-coloured powder left behind, which is 
the anhydrous protoxide of manganese. It is best known 
in the form of hydrate, and may be easily prepared by pre- 
cipitating a salt of manganese with an alkali. The precipi- 
tate first appears white, then buff, then brown, by rapidly 
passing into higher states of oxidation. The protoxide is a 
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powerful base, nentraliziDg most completely the strongest 
acids. 

Sesquioonde, 'Mn/Dg. — This compound in union with 
water is found crystallized in some parts of Grermany. If 
the hydrated protoxide be exposed to the air, it passes into 
the sesqnioxide. When oxygen is prepared by heating the 
binoxide in an iron retort, the residue i3-||uefly the sesqui- 
oxide, and is either of a black or brown colour, according 
to the circumstances under which it is produced. It is 
feebly basic. When heated with dilute sulphuric acid it 
dissolves; and on the addition of sulphate of potash 
deposits eight-sided crystals, having a similar constitution 
to common alum : — 

MnA»3S08 + KOjSOg + 24HO ; 
or, (2Mn,3S04 + K,S04 + 24HO). 

Binoxide, MnO^. — This is the most common native . 
compound of manganese. It is found both amorphous and 
crystallized. It may be prepared artificially by adding a 
solution of bleaching powder to a salt of the protoxide of 
manganese. It is not obtained anhydrous by this method. 

The binoxide is insoluble in water, of a black colour, 
and does not unite with acids to form salts. It is decom- 
posed by hot hydrochloric and sulphuric acids, as in the 
preparation of chlorine and oxygen. This substance is 
largely used in the manufacture of bleaching powder. 

Hed oxide, Mn,0;, is found native. It is a reddish- 
looking substance ; does not form salts* Borax and glass 
in a melted stsite dissolve* this substance, and the glass 
acquiresa beautiful amethyst rcolour. 

Farwctte, Mn^Oy = MnO -f. aMnOj. — This compound 
resembles the binoxide, but is harder and more brilliant. 
It was first obtained from some manganese ores of 
Warwickshire. 

The chloride of .manganese, MnCI, may be prepared 
from the residue left in the retort after the preparation of. 
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chlorine from the binoxide of Mn and HCl. A solution of 
the chloride of manganese, has usually a pink colour, which 
deposits crystals of the same colour on evaporation. It 
dissolves readily in alcohol, with which it forms a crystal* 
lizable compound. 

Sulphate of the protoxide of manganese^ MnO,SOay 
+ 7H0 ; or, (Mn,S04 + 7 HO), is lai^ly used in dyeing. 
It has a beautiful rose colour, and is prepared by raising to 
a red heat in a closed vessel the binoxide of manganese and 
coal, and dissolving out the impure oxide thus obtained 
with sulphuric acid. Towards the end pf the process a 
little hydrochloric acid is added ; the solution is evaporated 
to dryness,- and again exposed to a red heat. Water is then 
added, which dissolves out the pure sulphate of manganese. 
The salt is used to produce a permanent brown dye* It 
forms, like magnesia, a double salt with potash. 

The carbonate^ MnO,COa, is prepared by precipitating 
the protochloride of mangs^pese with any alkaline carbonate. 
It is not soluble. When exposed to heat, ||i parts with its 
carbonic acid, and absorbs oxygen. 

Manganic Add^ MnO,. — ^If the binoxide of manganese 
be fiised with an alkali, an additional quantity of oxygen is 
absorbed from the air, and a deep green mass is obtained, 
which is a salt of manganic acid. The presence of nitrate of 
potash facilitates the . production of this acid. MnOa, by 
combining with another equivalent of O, becomes MnOa, 
which unites with the alkali, forming EO,MnOa. It is of 
a green colour, soluble in water, and if evaporated in vacuo, 
yidds green crystals. 

Permanganic Acid, Mnjdj, — If the manganate of potash, 
free from excess of the alkali, is put into a large quan- 
tity of water, it is decomposed into the hydrated binoxide 
of manganese, which falls to the bottom, and forms a deep 
purple liquid, which contains the permanganate of potash. 
The changes of colour which accompany this decomposition 
have procured for the substance the imnQoi mineral chanter 
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Uon. When the potash is in exeess the mangsmate is more 
stable, and the reaction is ver^r slow. 

The manganates and permanganates are decomposed by 
contact with organic matter : this is the basis of tiieir use 
for all those purposes of disinfection and purification for 
which Condjr's ^d is so remarkable. Having no odonr, 
they admit of very extensive applicadon for domestic pur- 
poses, and are less objectionable than ordinary disinfectants. 

Nearly all the salts of this metal are soluble in water, 
giving rose-coloured solutions. All the salts are soluble in 
hydrochloric acid. 

TesCs; 

Hydrosulphuric acid, HS, produces no precipTtate with 
solutions of the salts of manganese. NH^S" precipitates the 
metal completely as a flesh-coloured sulphide, soluble in 
strong acetic acid, and passing, by the absorption of oxygen, 
into a brownish black colour. 

The fixed caustic alkalies precipitate the metal as a white 
hydrate, which •becomes brown. 

The alkaline carbonates precipitate the white carbonate 
of the oxide of manganese. 

The carbonates of the alkaline earths do not decompose 
manganese salts, except by an increase of temperature. 

If any compound of manganese be fused with carl)onate 
of soda on a platinum foil, the green nnanganate of soda is 
produced. This is a very delicate test. 

An amethyst bead is produced in the oxidizing flame of 
the blowpipe when any compound of manganese is fused 
with borax ; the colour disappears in the reducing flame.' 

ALUMINrUM. 

SffmbcH, Al ; Bquimlent, 13 *f 9. 
There is but one oxide of this metal, namely, alumina, 

AlA. 

In combination with silica and potash, as tiie silicate of 
alumina and potash, AiP8,3Si08 -f- KOSiOa, it is very- 
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^bnndaot in nature, hnxdng felspar, one of the constitnenta 
of granite, from which our various modifications of clay are 
derived. Claj consists chiefly of a silicate of alumina, 
Ala08»3Si08. Pure clay, such as Aat employed for poree- 
lain manufacture, is quite white : it is derived from the colour* 
less felspar occurring in the granite rocks of Cornwall and 
Devonshire. Clay is sometimes red, owing to the presence 
of oxide of iron ; sometimes blue or black, from the excess 
of vegetable matter. ^ • 

The pure metal aluminium may be obtained by introduc- 
ing in^ a platinum tube closed at one end the sesquichlo* 
ride of alumina, AlgO,, with an equal quantity of potassium 
looSely wrapped up in platinum foil. The closed end of 
the tube is then heated, so as to sublime the chloride, 
bringing its vapours into contact with the melted potassium. 
The sesquichloride of aluminium is then reduced. The 
metal is separated from the chloride of potassium by cold 
water. It has metallic lustre, it is malleable, and of a tin«- 
white colour. When heated in air or oxygen, it takes fire 
and returns to its original oxide. 

Alumina, AIJO^. — If a solution of common alum be mixed 
with an excess of ammonia, a white gelatinous precipitate 
of the hydrate of alumina is thrown down. This precipi* 
tate is washed, dried, and ignited to whiteness. The 
alumina so obtained is a white, tasteless mass, scarcely 
affected by acids. It is fusible before the oxyhydrogen 
blowpipe. The ruby and sapphire m'e transparent varieties 
of crystallized alumina, and emery powder is a coarse 
variety of this oxide. Alumina is a very weak base, and 
its salts have frequently cm acid reaction. 

The sesquichloride of altmma, AlgClg, may be prepared 
from pure alumina (obtained by the method just described) 
mixed with charcoal and strongly calcined in a covered 
crucible. The contents of the crucible are then transferred 
4o a porcelain tube heated to redness: in a furnace ; a current 
oi chlorine passes throu^ the tube, when the sesquichlo^ 
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ride of a]amina condeDses in lihe cold part of the apparatus. 
It is a crystalKne substance and very soluble in water. 

Sulphate of cdumina, AlaO„3S08+i8HO; or, (2A1,3S04 
+ i8 HO), is obtained by boiling sulphuric acid with 
clay, or by saturating dilute sulphuric acid with the hydrate 
of alumina (Al,0s,3H0), and evaporating, when thin crys- 
tallized scales of the sulphate of alumina are obtained ; It 
has an acid reaction, and when heated to redness is decom- 
posed. The sulphate of alumina, combined with soda, 
]$otash, and ammonia, forms double salts. All the prepara- 
tions of alumina are obtained from common alum, wjiich is 
a double salt of potash and alumina, Al,08,3SO, -f- KOtSOg 
+ 24HO; (2A1,3S04 4- K,S04 + 24H.O). Alum- is 
chiefly manuractured from a slaty kind of clay which con- 
tains the bisulphide of iron. This alum schist, as it is 
called, is first gently roasted, then moistened with water 
and exposed to the atmosphere. The sulphur of the iron is 
converted into sulphuric acid by the absorption of oxygen 
from the air. The sulphate of the protoxide of iron and 
the sulphate of alumina are produced. These salts are 
separated by lixiviation with water and subsequent crystal- 
lization; or the solution is concentrated by evaporation, 
and mixed with the chloride of potassium, which decom- 
poses the iron salt forming the protochloride of iron and 
sulphate of potash. This sulphate of potash then combines 
with the sulphate of alumina to form alum. The chloride 
of iron, which is very soluble in water, is separated from the 
alum by crystallization. 

By a repetition of this process the alum is purified. It is 
largely used in preparing skins, dyeing, and pigments. 
Alumina has a great attraction for the fibre of cloth and 
organic colouring matter. If a solution of common alum 
be filtered through a piece of calico, part of the alumina 
will be abstracted and retained by the doth. If this cloth 
be then rinsed in an infiision of madder, a colour is pro- 
duced, which is insoluble in water, and unaffected by soap. 
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Substances which act in this manner are called mordants. 
The attraction of alumina for organic colouring matter may 
be also shown by adding to an infusion of litmus a solution 
of alum, and then a solution of soda, so as to precipitate the 
alumina. As the precipitate falls, the colouring matter will 
be carried with it. Such precipitates are called lakes. 
Ammonia and soda may be made to replace the potash in 
common alum. 

The SilicaUof Alumma.—A\jd^l^\0^; (2Al,3Si04)— 
is the next most important salt, since it enters into the 
composition of many crystallized substances. In the pri- 
mary unstratiBed rocks, the silicate of alumina is very 
abundant. All clays are silicates of alumina, but their 
composition is very variable. By boiling with sulphuric 
acid the alumina is dissolved out, and the silica left behind. 
Clay containing the carbonate of lime is called marl. These 
may be easily recognized by their effervescing with hydro- 
chloric acid. 

Analysis of Best Stourbridge Fire Clay. 

Water 6*70 

Silica 72*04 

Alumina 18 '79 

Peroxide of iron 1*68 

Lime '69 

Magnesia trace 

And traces of alkalies. 

99-90 
lests. 

Alumina in solution can be distinguished without diffi- 
culty. 

Caustic potash, or soda, added drop by drop, will occa- 
sion a white gelatinous precipitate, which is the hydrate oi 
alumina, soluble in an excess of the reagent. 

A1,0,»3S0, + 3(NaO,HO) = 
A1A,3H0 + 3(NaO,SO,). 

N 
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Ammonia produces a similar precipitate. 

The aikaliee carbonates and the carbonate of ammonia 
precipitate the hydrate of alumina, with the escape of 
carbonic acid« The precipitates are insoluble in excess* 

IBON. 
Bymboiy Fe ; Squwalant, 38. 

This is one of the most important of the metals. The 
|>rogress of commerce and civilization is intimately connected 
with the uses and properties of iron. The piire metal is 
exceedingly rare, but its compounds are widely distributed 
throughout nature. It forms a great part of the colouring 
matter of many rocks ; it is contained in plants, and forms 
an essential component of the blood. Pure iron is of ^ 
white colour, and crystallizes in the form of a cube. The 
fibrous texture of the iron (upon which its strength mainly 
depends) is not natural to the metal ; it is produced by ham- 
mering and rolling; and may always be observed when the 
metal has been attacked by rust or the applicsltion of an acid. 
Iron is the most tenacious of all metals ; a wire Vt ^^ ^^ 
inch in diametier will sustain a weight of 60 pounds* 

The chief source of this metal is the cairboliate of the 
protoxide. The most important and abundant source is the 
clay ironstone, which consists of the carbonate of the prot- 
oxide, usually associated with clay, fhe carbonates of lime 
and magnesia^ silica,' mangEuiese, and coaly matter. This 
ore contains from 20 to 45 per cent, of iron. The iron ore 
is first roasted, to get rid of the water, carbonic acid, and 
carbonaceous matter. The roasted ore is then introduced 
into a blast-furnace. The ore is introduced with lime and 
coal at the top of the furnace, the two latter substances 
. being employed as reducing agents. A very high tempe- 
rature is kept up by forcing air in at the bottom of the fur- 
nace. Formeriy cold air was employed, but now the air i6 
heated by passing it through hot pipes;- the air by this 
means is raised to a temperature of 600!^ or 800°, and this 
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is called the hot blasts This effects a great atsviag of fuel, 
and coal may be used instead of coke. The • limestone in- 
troduced into the furnace separates the silicate of alumina 
from the iron, so that the coal can act upon the metal. The 
clay combining with the lime forms a glassy compound of 
the silicate of alumina and lime, which is called slag. The 
oxide of iron parts with its oxygen to the ooaU Asthe iron 
melts it £a\\8 to the bottom of the furnace, uniting in its 
desceut with the white hot carbon of the coal, forming a 
carbide of iron, which accumulates in a stratum at the bot- 
tom. The silicate of lime and alumina, having less specific 
gravity than the melted iron, floats like cream upon the sur- 
face. The iron and slag ar^ drawn off at different openings 
at the bottom of the furnace. The iron is run into grooves 
made of sand, and this constitutes the pig iron of commerce. 
This iron is associated with carbon, and generally with 
silicon, mang^ese, magnesium, calcium, sulphur, and phos- 
phorus. Cast iron is crystalline, brittle, wd much more 
fiisible than wrought iron. 

Malleable wrought iron is prepared' from cast iron, by a: 
process called puddling. The object of tMs process is to 
deprive the iron of its carbon. The cast iron is laid on the- 
floor of a reverberating furnace. The stream of burning 
gases is bent over upon the iron lying on the bed of the 
furnace. The workman, by means of a large iron rod like 
a boat-oar, stjrs up the melted mass, so as to bring every 
part successively to the surface. The object of this is to 
oxidise the carbon of the iron by contact at a high tempera- 
ture with oxygen. The carbonia oxide thus formed bums 
with its beautiful blue, flaipe on the surface of the melted 
iron. Water is sometimes sprinkled on the melted mass, 
so as. to supply oxygen, to the carbon. The withdrawal of 
the carbon diminishes the fusibility of the metal. It first 
becomes thick and treaqly, then like coarse sand. The 
temperature of th^ furnape is now increased; the iron 
again becomes about the cpnsfct^nce of treacle. The work- 
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man gathers tihe iron round his pnddling^rod into large balls, 
which are exposed to hammering by steam hammers. All 
the liquid cast iron contained in these balls is squeezed out, 
and the particles of iron welded together in one mass. This 
mass is heated a second time and passed between large iron 
rollers. The fibrous structure of iron is mainly due to this 
process. * Iron which is to sustain great tension is submit- 
ted, with slight modification, to this latter process several 
times. This iron is no longer crystalline ; it is tough and 
fibrous in its texture, which may be seen by dissolving a 
piece of iron wire in dilute acid. By violent concussion 
this toughness and fibrous character disappears, and it again 
becomes crystalline and brittle. This malleable iron, al- 
though much purer than the cast iron, is never free fix)m 
carbon and other elements. 

The purest and best malleable iron is made into steel by 
placing alternately in an iron box bars of iron with char- 
coal powder, and exposing the whole to high red heat for 
forty or fiHy hours. The iron combines with a small por- 
tion of the carbon. It is now more fiisible than malleable 
iron, but not so fusible as cast. It has also lost in a great 
degree its malleability. If fine steel is required, several bars 
are welded together under the steam hammer, which gives 
greater uniformity of composition. 

Steel possesses great hardness and elasticity. If raised 
to a high temperature and plunged into water it becomes 
elastic, hard, and brittle ; if it be slowly cooled it softens, 
loses its hardness and elasticity, and becomes very much 
like malleable iron. By altering the temperature and the 
rapidity of cooling every degree of hardness can be obtained. 
This is called tempering. 

Iron does not rust or oxidize in dry air at the common 
temperature ; heated to redness it becomes covered with 
the black oxide, the same compound as is produced when 
iron wire is burnt in^oxygen. Iron at a red heat decom- 
poses water, like potassium at the common temperature, 
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liberatiDg the hydrog^. Dilute sulphuric and hydrochloric 
acids dissolve iron freely* If magnetic iron be raised to a 
red heat it loses its magnetic propertieSr 
There are four o^qdes of iron : — 

FeO, protoxide, 

FegOa, sesquioxide, or peroxide, * 

FegO^, protosesquioxide, or black oxide, 
FeOg, ferric acid. 

The Protoande, FeO, has stroi^ly marked . basic proper- 
ties ; it neutralizes acids most completely. It is scarcely 
known in its separate state, owing to its proneness to pass 
into the sesquioxide. If any salt of the protoxide be mixed 
with caustic alkali a bulky white precipitate of the hydrated 
protoxide is thrown down ; this hydrate when exposed to air 
becomes fii*st green then reddish brown. The soluble salts 
of the protoxide of iron have usually a faint green colour. 

The Sesquioande, FesOs, occurs as a native compound, 
both amorphous and crystalline. The island of Elba has 
furnished some very fine specimens. The sesquioxide of 
ircHi in powder has a deep red colour, and is used for paint- 
ing. It is "prepared by calcining the sulphate of the prot^ 
oxide. The coloi^r varies according to the temperature to 
which the sulphate has been exposed. . The sesquioxide is 
reduced at;a high temperature in the presence of carbon or 
hydrogen, but in ordinary fires it undergoes no change. . It 
is a feeble base,. dissolves with difiSi^ulty in acids, and its 
salts have an acid reaction. * 

The Blach. Oxide^ FeO + Fe,Os, is a natural product, 
knpwn as the magnetic iron ore; it is one of the most im-> 
portant iron ores. This compound is the chief product of 
burning, iron in oxygen. It does not form scjts by union 
with any acid^ 

Ferria AcHa FeO,* — This compound is unimportant. 

ProtocMoride of Iron is prepared by passing well -dried 
HCl gas.ov^ red-hot malleable iron, or by dissolving iron 

N 2 
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in Hd. The solution when duly concentrated yields green 
ciystals of the piotochloride with foor equivalents of water. 

Sesqtdchloride, Fe^Cl,, is generally prepared by dissolving 
the sesqniozide in HCL The solution, concentrated and 
evaporated, yields crystals of a red colour, which are very 
soluble in water and alcohol. 

Frotoiodide of Iron, Fel, is an important medicine. It 
is easily prepared by digesting iodine with water and me- 
tallic iron. The solution, which is of a green colour, yields 
on evaporation crystals of the protoiodide of iron. 
• There are several compounds of iron with sulphur, but 
only two are important. The protasulphidey which is a 
black, brittle substance, from which hydrosulphuric acid is 
prepared. The protosulphide of iron, FeS, is obtained by 
throwing into a red-hot crucible two and a half parts of 
sulphur and four parts of iron filings. The bisulphide, 
FeS,, is a natural product ; it is formed in some cases by 
the gradual deoxidation of the sulphate of iron by organic 
matter. When heated, an intermediate sulphide is pro- 
duced analogous to the black oxide. 

Sviphate of the Protoxide, FeO,SO, + 7HO (Fe,S04 
4- 7 HO). — ^This salt is prepared by dissolving iron in di- 
lute sulphuric acid. It is often prepared on a very large 
scale by contact of air and moisture with iron pyrites, 
which, by absorption of oxygen, furnishes the sulphate of 
iron. The salt is dissolved out by water, and the solution 
crystallized. It forms large green crystals. 

Sulphate of the Sesqmoxidey Ye fiz,i^O^\ (2Fe,3S04).— 
This salt yields compounds with the sulphate of potash and 
ammonia analogous in their constitution to common alum. 

Carbonate of Protoxide of Iron. — If any oftheproto- 
salts of iron be mixed with the alkaline carbonates a white 
precipitate is obtained. This compound loses its carbonic 
acid when washed and dried, passing into a higher oxide. 
This compound occurs in nature as the clay ironstone, horn 
which nearly all the British iron is manufactured. It is 
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ibnnd in many mineral waters, being solable in excess of 
carbonic acid. Water containing iron is known by the 
Tosty matter it deposits by exposure to the air. 

Thtt salts of the protoxide of iron are colourless, but if 
concentrated have a pale greenish colour ; when anhydrous 
they are white. They absorb oxygen, passing into the 
sesquioxide, which from neutral solutions is deposited as a 

In solutions of the protosdUsy 

HS forms only a slight precipitate of the black sulphide 
in neutral solutions ; in acid solutions no precipitate is pro- 
duced except in the acetate. 

NHJS throws down iron as a black precipitate, Insoluble 
in excess. When any non-volatile organic acid is present, a 
small quantity of the sulphide remains suspended, imparting 
to the solution a light green colour ; on heating, this is de- 
posited, and the liquid becomes of a bright yellow colour. 

The caustic alkalies precipitate from salts of the protox- 
ide of iron a white hydrate of the oxide, which on exposure 
to the air becomes a dirty green, then a reddish brown. 

Ammonia will completely precipitate the salts of the 
protoxide of iron when no ammoniacal salts are present. 

Alkaline carbonates precipitate the white carbonate of the 
oxide, soluble in the chloride of ammonium. 

Carbonates of the alkaline earths give no precipitate. 

Fenocyanide of potassium gives, in solution, quite free 
from the sesquioxide and common air, a white precipitate of 
the ferrocyanide of iron and potassium, K -f- 2Fe -f- S^y. 
This precipitate assumes a bluish colour when the sesqui- 
oxide and air are present, and passes into Prussian blue. 

Ferricyanide of potassium produces with protosalts of 
iron a blue precipitate. These precipitates are insoluble in 
acids, but are easily decomposed by the alkalies. 

All the soluble ^rsoZ^s of iron form, with water or hy- 
drochloric add, brownish-yellow solutions. 
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Metallic iron, sulphurous acid, and hydrosulphoric add, 
reduce salts of the sesquioxide to salts of the protoxides. 

The hydrosulphuric add renders the solution milky by 
the precipitation of sulphur — ^ 

F€w0a,3S0a + Fe =: 5(FeO,SOs). 
FeAiSSOs 4- SO, =; 2(FeO,S08) + 2SO8. 
FeA»3S0, + HS = 2(FeO,SO,) + HO,SOa + S, 

Potash, soda, and ammonia throw down the hydrate of 
the sesquioxide, insoluble in excess ; the presence of fixed 
organic acids prevents the precipitation altogether. 

The carbonates of the alkaline earths throw down com- 
pletely the salts of the sesquioxide. 

Phosphate of soda predpitates the white phosphate of 
iron, which dissolves in ammonia. 

The phosphate of the sesquioxide of iron is insoluble in 
acetic add. 

Ferrocyanide of potass, blue precipitate, ferrocyanide of 
iron insoluble in HCl. 

Ferricyanide, no precipitate, but a darker colour. 

The sulphocyanid^ of potassium gives a deep red colour 
to the most dilute solutions of the sesquioxide of iron. 

The most dilute solutions of salts of the peroxide give 
a bluish-black colour with an infusion of gall-nuts. 

NICKEL. 

Symbol, Ni; Equimlmt^ 29*6. 

This metal is found in meteoric stones, and in cer^in 
ores associated with cobalt, and may be prepared from the 
o;xalate. The oxalate is obtained by precipitating the sul- 
phate with oxalic acid. It is white, malleable, and strongly 
magnetic. It is prepared like cobalt. 

The Protoxide of NicM, NiO, has basic, properties* It 
may be prepared by predpitating any soluble salt of the 
metal" with, caustic potash, and washing, drying, and ig- 
niting, th^ precipitate, which is of a green colour. This 
oxide completely peutralizes acids. 
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The Sesquioxide o/Nichel, NiaO,, is a neutiBl compound. 
It is produced when any salt of nickel is mixed with a 
solution of bleaching powder. This oxide is decomposed 
bj heat, and evolves chlorine when heated with hydro- 
chloric acid. 

The Chloride of Nickelj NiCl, is prepared by dissolving 
the carbonate of nickel with hydrochloric acid, NiO,COj + 
HCl = NiCl + HO + CO,. From the green solution crys- 
tals of the chloride of nickel are obtained. When the 
crystals are anhydrous they have a yellow colour. 

Sulphate of Nickel, NiO,SOa+7HO,(Ni,SO,+7HO). 
— ^This is the most important of the nickel salts. The 
crystals are of a green colour^ and usually contain seven 
equivalents of water. With potash and ammonia it forms 
double salts : NiO,SOa + KO,SOa + 6H0 ; (Ni.SO^ + 
K,SO, + 6H0) ; NiO,SOa + NH,0,SOa + 6H0 ; (Ni,SOJ 
+ NH„SO, + 6U0\ 

Carbonate of Nickel, NiO,COa — ^When a solution of the 
carbonate of soda is added to the chloride of nickel, a pale 
green precipitate of the carbonate and hydrate is obtained: 
NaO,CO, + NiCl = NiO,CO, + NaCl. 

The anhydrous salts of nickel are of a straw colour. 
When associated with water they are of a green colour. 
Nickel is chiefly employed in the manufacture of German 
silver. The best German silver contains 8 parts of copper, 
3 of nickel, and 3^ of zinc ; inferior kinds contain 8 of 
copper, 2 of nickel, and 4 of zinc. 

Tests. 

Hydrosulphuric acid and sulphide of ammonium have a 
similar reaction on nickel solutions to those described under 
cobalt. 

Ammonia in neutral solutions precipitates a portion of 
hydrate of the protoxide, which is dissolved in excess, 
giving ris6 to a blue solution. If caustic potash be added 
to this solution, a green hydrate is thrown down. 
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The alkaline carbonates give a pale-^eefi precijNtate, 
easily soluble in carbonate of ammonia, the solntion be- 
coming of a bhiish-green colour. Carbonates of the alka- 
line earths, same as cobalt. 

Cyanide of potassium, a greenish-white precipitate^ so- 
luble in excess. From this solution the cyanide may be 
thrown down by hydrochloric or sulphuric acid, bat the 
cyanide of cobalt cannot be again precipitated witli acids. 

In the outer flame of the blowpipe, compounds of nickel, 
when heated with borax and phosphorus salt, form a red- 
dish-coloured globule ; in the inner flame the metal is 
reducedi and the bead becomes of a grey colour. 

COBALT. 

Symbol Co; Equivcdentj 29 '55* 

Cobalt and Nickel, are very similar in their general and 
chemical properties, and are oflen found in nature assor 
ciated together. Cobalt is most conveniently obtained by 
heating the oxalate to a white heat, in a crucible lined with 
plumbago. It is a white brittle metal, and melts at a 
temperature of about 2ocx>°. It does not oxidize in air at 
common temperatures. Dilute hydrochloric and sulphuric 
acids have but slight influence, on the metal. It has strong 
magnetic properties. 

The Protoxide CoO, is a grey powder, very soluble in 
acids, and has strong basic properties, giving a fine red tint 
to its salts. It may be prepared by precipitating the 
chloride of cobalt with carbonate of soda, and igniting the 
precipitate ; CoCl -f NaO,CO, = NaCl -f CoO,C08 ; or, 
(CoCl' + NaCO, « CoCO, + NaC9). When a. solution 
of cobalt is inixed with caustic potash, a blue precipitate 
falls, which becomes violet on the application of heat ; and 
then a dirty red colour from the absorption of oxygen, and 
its suljsequent change intp a hydrate. 

The Sesquioxide of Cobalt, Cofi^ is a neutral oxide of a 
black colour, and insoluble. If the chloride of lime be 
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mixed with a solution of protochloride of cobalt, the sesqui- 
oxide is obtained. 

The Chloride of Cobalt^ CoCl, is prepared by dissolving 
the protoxide in hydrochloric acid, CoO + HCl = CoCl 
4- HO. It gives a deep red colour to the solution, which 
deposits, when concentrated, beautiful red crystals. When 
the solution is evaporated^ it deposits blue anhydrous crys- 
tals, which again become red in contact with wat^r. A 
dilute solution of this salt forms a sympathetic ink. Letters 
written with this ink are invisible, until the Salt has been 
rendered anhydrous by exposure to heat, when the letters 
appear blue. When laid aside, moisture is absorbed, and 
the writing again becomes invisible. 

Sulphate of Cobalt, CoO,SO. + 7HO,(Co,SO, + 7HO). 
This salt is similar in constitution to the sulphate of mag- 
nesia. It combines with the sul})hates of potash and soda, 
forming double salts. If a solution of the sulphate of co- 
balt be mixed with oxalic acid, the oxalate of cobalt sepa- 
rates after some time. 

Carbonate of Cobdt — The alkaline carbonates preci- 
pitate a pale peach-coloured carbonate and hydrate of co- 
balt, 3(CoO,HO) + 2(CoO,CO,). 

The oxide of cobalt gives a beautiful blue colour to glass. 
Smalt, or azure blue, a substance much used by painters, 
paper-stainers, and for giving a blue colour to pottery, is 
prepared in Saxony and Bohemia by a complicated process 
from the native arsenio-sulphide of cobalt. 

Tests. 

All the cobalt salts, when anhydrous, are blue ; when 
in dilute solutions in water, they are of a crimson colour. 
Hydrosulpharic acid, in the presence of an alkaline acetate, 
and the sulphide of ammonium, precipitate the black sul- 
phide of cobalt, insoluble in excess of the sulphide of am- 
monluni. In neutral solutions, free from the salts of anr- 
inoma, ammonia gives a blue precipitate, which af);er somB 
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time changes to red, then green, then brown. If the 
solution contain any salts of ammonia, the solution becomes 
red, absorbs oxygen from the air, and the brown hydrate 
of cobalt is precipitated. Cobalt solutions, free from 
common air, give a blue precipitate with the fixed caustic 
alkalies, which on boiling becomes of a rose colour. 

The alkaline carbonates precipitate a pink carbonate of 
cobalt 

The carbonates of the alkaline earths give no precipitate 
unless heated. Cyanide of potassium gives, with acid so- 
lutions of cobalt, a brown-white precipitate of the cyanide 
of cobalt, soluble in excess. Borax and phosphorus salts, 
when heated with any cobalt salt, give a blue glass globule 
in both blowpipe flames. 

CHROMIUM, 
Symbol, Cr; Equivaleitt, 28. 

This metal is found as an oxide in combination with the 
oxide of iron. It is rather abundant in the Shetland Isles. 
Chromium was first obtained in a state of pmity from the 
chromate of lead. The metal is procured by mixing the 
oxide of chromium with -J. its weight of charcoal powder, 
and placing the mixture in a crucible lined with charcoal. 
The crucible is then placed in a furnace, and mised to the 
very highest heat. The oxide of chromium is reduced by 
the charcoal, and the metal is obtained as a greyish-white 
brittle substance, and very difficult of fusion. The most 
powerful acids have little effect on chromium, and the pure 
metal has been seen by very few persons. 

There are seven oxides of chromium, resembling very 
much the corresponding oxides of iron. 

Protoxide of Chromium, CrO. — If potash be added to a 
solution of the protochloride of chromium, a brown precipi- 
tate IB obtained, which passes into a deep red colour. If 
ammonia be substituted for potash, a pale green precipitate 
.is obtained, which is the protoxide of chromium, CrO, 
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This oxide is a powerfal base, forming pale blue salts, 
which have a great affinity for oxygen. 

Frotosesquioandej CrOjCr.Og. — This compound is pro- 
duced by the action o£ water upon the protoxide, with the 
evolution of hydrogen. It corresponds to the magnetic 
oxide of iron. 

Sesquioxidej CrjOg. — If the nitrate of the suboxide of 
mercuiy be mixed with tlie chromate of potash, and raised 
to red heat in a crucible, the chromate of mercury is formed, 
and the sesquioxide of chromium remains behind. It is 
used in painting and glass-staining. It has a fine green 
colour. After ignition, it is insoluble in acids. The hy- 
drate of the sesquioxide, Cr,03,3HO, may be prepared by 
boiling a dilute solution of the bichromate of potash with 
excess of hydrochloric acid, to which a small quantity of 
alcohol is every two or three minutes added, till the liquid 
changes from orange to green. From this solution the 
hydrate is precipitated by ammonia as a pale green colour. 

The anhydrous sesquioxide may also be prepared by 
heating to redness the bichromate of potash in an earthen 
crucible. The sesquioxide of chromium is a feeble base, 
resembling the sesquioxide of aluminum. It communicates 
a beautiful green tint to glass, and is used in enamel paint- 
ing. 

ProtocMoridey CrCl, is obtained by heating to redness the 
sesquichloride in a porcelain tube liirough which a current 
of pure dry hydrogen is passing, HCl is liberated; a 
white mass is obtained which dissolves in water with a 
gi'eat increase of temperature, yielding a blue solution which 
absorbs oxygen by exposure, and passes into a deep green 
colour. The protochloride of chromium is one of the most 
powerful reducing or deoxidizing agents known. 

SesquichhridSyCrjUl^, — This compound may be obtained 
anhydrous by heating to redness in a porcelain tube the 
sesquioxide of chromium intimately mixed with charcoal, 
and passing dry chlorine gas through the tube. The ses- 
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quichloride ooDdenses in the cold part of the tube in plates 
of a beautiful violet colour. This compound is quite insolu- 
ble in water. 

Chrome aoidj GrO». — When the sesquioxide of chro- 
mium is heated with potash in contact with air, oxygen is 
absorbed, and CrOg generated. If lOO measures of a sata- 
raied solution of the bichromate of potash be mixed with 
1 50 measures of sulphuric acid, and allowed to cool, the 
chromic acid crystallizes out in brilliant red prisms. Chromic 
acid is very soluble in water, and is instantly reduced by 
contact with organic matter. 

The Chromate of pGtash,KO,CiO^ (K,Cr04),is the source 
from which all the chromic preparations are obtained. It is 
made from chrome iron ore, which is a compound of iron, 
FeO + CrjOg. It is reduced to powder, calcined and heated 
for a long time in a furnace with the nitrate of potash, 
KOjNO,. The product is treated with water, which yields 
a yellow solution, which deposits, on evaporation, crystals 
of the same colour. If sulphuric acid be added to the chro- 
mate of potash, KOyCrOg, one half of the base is removed, 
and the neutral chromate converted into the bichromaley 
KO,2CrOB. This salt is extensively used in the arts, and, 
by slow evaporation, crystallizes in beautiful red crystals. 
It melts when heated, is soluble in ten parts of water, and 
has an acid reaction. 

Chromate of Lead, PbO,Cr08, (Pb,Ci-0,).— When a 
solution of the nitrate of lead is mixed with a solution 
of chromate of potash, a yellow precipitate falls, which 
is the chromate of lead or the chrome yellow of the 
painter. If this compound be boiled with lime-water, 
half of the acid is removed, and a sub- chromate formed, 
which has an orange-red colour. The colour of this sub- 
Chromate rivals vermilion in the beautiful delicacy of 
the tint. The yellow and orange chrome colours are 
fixed on cloth by the alternate application of the two 
solutions. 



zmd, 147 

Chromate of Silwr, AgO,CrOs, (Ag^CrO^).— When the 
nitrate of silver is' mixed with the chromate of potash^ the 
chromate of silver is precipitated as a reddish-brown 
powder* 

Tests. 

With Chromates:— 

Lead salts give a lemon-yellow precipitate of the chro- 
mate of leadi 

Baryta salts give a pale yellow precipitate insoluble in 
acetic acid. 

Silver salts, purple-red precipitate. 

The chromium compounds impart a beautiful green 
colour to borax in the inner and outer flame of the blow- 
pipe. 

Salts of the sesquioxide of chromium may be easily 
recognized;— 

The caustic akaHes precipitate the hydrated oxide, easily 
soluble in excess of the reagent. 

Ammonia precipitates a bluish-green hydrate, which 
is slightly soluble in strong ammonia, forming a pink solu- 
tion. 

The alkaline carbonates throw'down a green precipitate, 
soluble in excess. 

Sulphuretted hydrogen, no change. 

Sulphide of ammonium precipitates the hydrate oi tlie 
sesquioxide. 

ZINC. ' 
Symbol, Zn; JEqtUv(deni,S2'^Si 

This metal is generally found in nature associated with 
lead ores, as the carbonate ZnOjCOj, and sulphide ZnS. 
Our chief supplies of this metal are from Silesia. The ore 
is first roasted to expel the water and carbonic acid. It is 
then mixed with charcoal or coke, and distilled at a red 
heat in a large earthenware retort. The reduced metal 
rises in vapour. This vapour is condensed in a suitable 
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apparatos. The metal geQerally contains small portions of 
arsenic. 

The metal is of a bloish colour, and is much used instead 
of lead, in consequence of its cheapness. It is crystalline, 
and under ordinary circumstances brittle ; but raised to a 
temperature of 270° it is malleable, and may be rolled out 
in sheets without fracture. By such treatment the metal 
retains its malleability. At a temperature of 400° it may 
be reduced to powder. At a red heat it boils and volati* 
llzes, and in the presence of air bums with a green light, 
giving rise to the protoxide of the metal, ZnO. 

Zinc is readily dissolved by dilute acids. It is generally 
used in the preparation of hydrogen. 

The only Known oxide of this metal is the protoxide ZnO. 
It is a strong base and may be prepared by raising the car- 
bonate to a red heat. 

The neutral carbonate of zinc, ZnO,CO„ or (ZujCOg), is 
found native ; it is the chief ore of the metal and is called, 
calamine stone. It may be prepared by adding the carbo- 
nate of potash to a solution of the chloride of zinc, ZnCl 
+ KO,CO, = ZnO,CO, + KCl ; or (ZnCl + K,CO^ = 
ZnCO,+KCl). 

The Sulphate of Zinc, ZnOjSOg ^ 7H0, or (Zn,SO^ + 
7HO), White Vitrioly resembles in appearance the sulphate 
of nfl^esia. This salt forms the chief part of the residue 
left when hydrogen is evolved by the action of dilute sul- 
phuric acid on zinc. The sulphate of zinc is used in medi- 
cine as an emetic. It forms double salts with potash and 
ammonia, ZnOjSOa + KO,SO, + 6H0 ; or (Zn,S04+K, 
SO, + 6H6). 

The Chloride of Zinc, ZnCl, is prepared by dissolving the 
oxide of zinc in hydrodiloric acid, ZnO -f HCl = ZnCl + 
HO. It is very fusible and soluble in water and alcohol. 
The chloride of zinc combines with the chloride of ammo- 
nium to form a salt used in tinning and soft-soldering the 
metals. The chloride of zinc is used as a disinfectant, and 
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vrood saturated with a solution of the chloride is not 
aflfected with drj rot. The salts of zinc are all soluble in 
hydrochloric acid, and most of them are soluble in water. 
In acid solutions hydrosulphuric acid produces no precipi- 
tate, but if alkaline acetate be added, the white sulphide 
of zinc is thrown down; This precipitate is insoluble in 
potash^ 

lests. 

Sulphide of ammonium precipitates the sulphide of zinc. 
Caustic alkalies give a white precipitate of the hydrate, 
soluble in excess. 

The carbonates of the fixed alkalies precipitate the basic 
carbonate, insoluble in excess, but soluble in an^r salt of 
ammonia. 

Carbonate of ammonia precipitates the carbonate, soluble 
in excess. 

The carbonates of the alkaline earths ^ve no precipitate 
with zinc salts. 

Zinc compounds when fused with carbonate of soda on 
charcoal in the inner flame of a blowpipe, give a white 
incrustation of the oxide of zinc. When moistened with co- 
balt and solution strongly heated,- the colour becomes green. 

CADMIUM. 
Symbd, Cd ; Equivdlent, ji^. 
This metal is more volatile than zinc. It is generally 
associated with its ores. When the calamine stone is sub* 
jected to distillation with charcoal the cadmium first comes 
off in vapour. It has a white tin colour, very malleable ; 
•burns when strongly heated. Hydrochloric and sulphuric 
acid have no effect on the metal at ordinary temperatures. 
It dissolves easily in nitric acid, and slightly oxidizes in 
air. 

The Proioande of Gadmium^ CdO, may be prepared by 
igniting the carbonate in a crucible ; it is infusible, dis- 
solves in acids, and its salts are without colour.. 

2 
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The Sulphate, of Cadmium, CdO,SOa + 4HO ; or 
(Cd,S04 + 4HO). — This salt is obtained by dissolving 
the oxide in dilute sulphuric acid, CdO + HO,SO, = HO ' 
+ CdOySOs. It is very soluble in water and forms double 
salts with ammonia and potash. 

The SulpJude of Cadmum, CdS, is obtained by passing 
sulphuretted hydrogen gas through a solution of the' chlo« 
ride or any salt of cadmium, CdCl + HS = CdS + CHI. 

Tests. 

Hydrosulphuric acid and the sulphide of ammonium 
precipitate Uie yellow sulphide of cadmium ; insoluble in 
alkalies. 

Ammonia precipitates a white hydrate, soluble in excess, 
£rom which hydrosulphuric acid precipitates the sulphide. 

The fixed caustic alkalies produce a precipitate of the 
white hydrate, insoluble in excess. 

The alkaline carbonates precipitate the carbonate of cad- 
mium ; insoluble in excess. 

Cadmium compounds, when exposed to the inner blow- 
pipe flame with carbonate of soda or charcoal, give a yel- 
low-brown incrustation of the oxide of cadmium. 

TIN. 

Symbol, Sn; Eguiv<dent, 59. 

Tin occurs in natm*e as the oxide and sulphide, but chiefly 
•as the former. The chief som'ces of this metal are the mines 
of Cornwall, Saxony, Bohemia, and Malacca. It is also 
found as an alluvial deposit in the beds of many small 
rivei*s. These two varieties are called mine tin and stream 
.tin. The latter has a much higher commercial value. 

Tin ore is reduced by first grinding it to powder, then 

roasting to get rid of the water, sulphur, and arsenic. It 

is then heated with coal, and the reduced metal is cast 

• into large square blocks ; a specimen of the metal is assayed, 

and the stamp of the Duchy of Cornwall placed on each 
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block. Tin, when qnite pure', is of a white colour, soft and 
malleable. It is not much affected at ordinary temperatures 
hj exposure to water or air : when raised to its melting 
point it rapidly oxidizes, passing into a white powder, a 
substance which is used in the arts for polishing, and known 
as putty powder. The metal is easily dissolv^ by hydro- 
chloric and nitric acid. 

The Protoxide of Tm, SnO, is prepared by adding a 
solution of carbonate of potash to a solution of the prcto- 
chloride of tin : — 

SnCl + KO,CO, + HO = KCl + CO. + SnO.HO. 
When the precipitated hydrate is dried and heated in an 
atmosphere of carbonic acid, it becomes a heavy black pow- 
der, unalterable in air, but bums like tinder in contact with 
a hot body, and changes into binoxide. The protoxide 
has no basic properties. 

SnjOg. — If a solution of the protochloride of tin be 
mixed with a solution of the hydrated sesquioxide of iron, 
a grey substance falls,' which is the sesquioxide of tin. 

The Binoxide of Tin^ SnOs, has dilierent properties ac- 
cording to the method by which it is prepared. If nitric 
acid be made to act on pdre metallic tin, a white hydrate 
of the binoxide of tin is produced, insoluble in acids. If 
the bichloride of tin be precipitated by an alkali, a white 
precipitate is obtained of the hydrate of the binoxide, freely 
soluble in acids ; SnO£,HO. 

These precipitates'&tve the same composition ; and when 
heated lose their water and leave the pure binoxide of tin. 
They dissolve in caustic potash, and are precipitated un- 
changed by acids. The binoxide is a feeble base, and some- 
times acts as an acid, forming salts with bases. 

The Frotochloride of Tin, SnCl, is obtained by dissolving 
metallic tin in hot hydrochloric acid. It is soluble in water 
and used as a deoxidizing agent for the salts of mercury and 
silver. 

The Bichloride of Tin, SnClg, may be'prepared by exposing 
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metallic tin to tbe action ot chlorine, or distilling i part of 
powdered tin with 5 parts of the protochloride of mercury. A 
solution of the bichloride of tin js tauqh used as a mordaijt 

Protosulphide of Tin, SnS, is prepared by fusing metallic 
tm with an excess of sulphur, and strongly heatdog the 
residue. With hydrochloric acid gently heated it evolves 
hydrosulphuric acid. 

Sesqtnstdphide of Tin, SugSg, may be prepared by gently 
heating the protosulphide with a third part of its weight 
of sulphur. 

The Bisulphide of Tin, SnS„ Momio GtM^ is prepared 
by raising to' a low red heat in a glass flask 12 parts of tin, 
6 of the chloride of ammonium, and 7 of flowers of sulphur. 
The chloride of ammonium and part of the sulphur sublime, 
the bisulphide of tin collecting at the bottom in brilliant 
gold-coloured scales, which are used for some purposes as 
a substitute for gold. 

If a solution of the terchloride of gold be added to a di- 
lute solution of the protochloride of tin, a precipitate is 
obtained which is known as the purple of Cassius, which is 
used in enamel painting. Tinned vessels are extensively 
used for domestic purposes. Thin plates of iron are super- 
ficially covered with tin. Good pewter is tin hardened 
with antimony. 

Salts of the protoxide of tin pass by exposure to the 
atmosphere into salts of the binoxid^. 

Tests. 

Protoxide of Tin, — The caustic alkalies precipitate the 
white hydrate, soluble in excess of the precipitant. 

The carbonates of ammonia, potash, and soda, produce a 
similar precipitate, insoluble in excess* Ammonia gives the 
same result. 

Sulphuretted hydrogen and the sulphide of ammonia 
give a black precipitate of the protosulphide, soluble in sul- 
phide of ammonium. 
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Binoxide of Tin. — The catistic alkalies precipitate the 
-white hydrate soluble in excess. 

Ammonia and the alkaline carbonates produce a white 
precipitate of the hydrate, slightly soluble in excess. Sul- 
phuretted hydrogen and sulphide of ammonium a yellow 
precipitate of the sulphide, soluble in excess, 

ANTIMONY. 
Symbcl, Sb ; Uquivalentf 129. 

This metal is found in combination with sulphur. The 
ore is heated with metallic iron or the carbonate of potash, 
which removes the sulphur. It is of a bluish colour, 
highly crystalline, having a metallic lustre. It is so brittle 
that it can be reduced to powder in a pestle and mortan 
It melts below a red heat, and volatilizes at a white heat. 
It is not acted upon by air at the common temperature. If 
strongly heated, it bums with a white flame producing 
crystals of the teroxide of antimony. 

There are three oxides of antimony. 

Teroxide of Antimom/, SbO,. — This oxide is feebly basic. 
It may be prepared by burning metallic antimony at the 
bottom of a large red-hot crucible. There is a sulphate, a 
nitrate, and an oxalate .of this oxide. When the teroxide of 
antimony, SbOg, is boiled with the bitartrate of potash, it 
is dissolved, and the solution, by careful evaporation, yields 
crystals of tartar emetic, KO,Sb08,C8H40io + 2HO, the 
tartrate of antimony and potash. 

There is an intermediate oxide of antimony, SbO^, which 
is the ultimate product of oxidizing the metal by heat, 
with exposure to iLe atmosphere. It is an indiflerent body. 

Antimomc Acid, SbOs. — When strong nitric acid is 
made to act on metallic antimony, antimonic acid is produced. 
When heated carefully it becomes anhydrous, and of a pale 
straw colour. At a red heat it is decomposed. It is insolu- 
ble in water and acids. The acid so prepared is monoba- 
sic ;—M0,Sb05 ; or, (MjSbOe). If the pentachloride of 
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antimony, SbCls, be decomposed by excess of water, hydro- 
chloric acid and antimonic acid are produced. The acid 
so produced is bibasic ; — aMOjSbOs, as, K0,H0,Sb05, or, 
KHjSbOy. This latter salt is the only precipitant for soda. 
It most be added with care, or no result is obtained* 

The TercMoride of Arvtimony^ SbCla \ Butter of AntU 
mony. — This compound is obtained when hydrosulphuric 
acid is generated by the action of hydrochloric acid on the 
tersulphide of antimony. The residual solution is then 
distilled until each drop of the condensed vapour, on fil- 
ing into the water of the receiver, produces a white 
precipitate. The receiver is then changed, and the process 
carried on. The air should be carefully excluded. Alka- 
line solutions decompose the terchloride, producing the 
teroxide. Powdered antimony takes fire in chlorine gas, 
forming SbClg. 

The Fmtachloride of AnCimony, SbClg, corresponds to 
antimonic acid. It is prepared by passing a stream of dry 
chlorine over metallic tittimony, gently heated in a porcelain 
tube. 

The Tersulphide of Antimony^ SbSg, is the native sulphide 
firom which the metal is obtained. 

The PmtasvlpMde^ SbS,, is unimportant. 

There is also a compound of antimony and hydrogen, 
which is prepared by adding the teroxide of antimony, and 
zinc, to a solution of dilute sulphuric acid. Antimohiuret- 
ted hydrogen comes off, which burns with a green flame. 
When a cold plate is pressed into the flame, metallic anti- 
mony is deposited. Antimony is used in medicine ; and, 
with lead, it forms the type-metal of the printer. It is too 
brittle to be used alone, but its alloys have numerous 
applications. 

The salts of the teroxide of antimony are decomposed by 
the addition of a large quantity of water, a- white basic 
salt being separated. Tartaric acid dissolves this compound^ 
and, when present in the solution, prevents its formation. 
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Tests,' 

Hydrosulphuric acid precipitates from acid solutions of 
the teroxide th^ tersulphide of antimony, soluble in sulphide 
of ammonium and in potash, but insoluble in the bicarbonate 
of ammonia. 

Ammonia precipitates the teroxide of antimony, insoluble 
in excess. 

Carbonate of ammonia produces the same result, with the 
evolution of carbonic acid. 

The fixed caustic alkalies precipitate the teroxide, soluble 
in excess. The presence of tartaric acid mterferes with the 
reaction. 

Metallic zinc precipitates from salts of the teroxide black 
metallic antimony. In the presence of nitric acid the ter- 
oxide is separated. 

Nitric acid precipitates antimonic acid from any of its 
compounds, 

Hydrosulphuric acid throws down from acid solutions of 
antimonic acid an orange-yellow pentasulphide of antimony, 

SbS,. 

Compounds of antimony, exposed with carbonate of soda 
to the reducing flame of the blowpipe, yield globules of the 
metal, a portion of which volatilizes at a high temperature, 
forming a white incrustation of the teroxide on the charcoal, 

COPPER. 

Symbol, On; Equivalent^ 31*50. 

This metal is sometimes found pure, but generally asso^ 
ciated with sulphur and iron. Large quantities of this ore 
are obtained from the mines of Cornwall and South Austra^ 
ha. The ore is taken to South Wales to be reduced. The 
process of reduction is rather complicated. The ore is 
roasted in a reverberatory furnace. The sulphide of iron 
is converted at a high temperature into the oxide ; but the 
sulphur still exists in combination with the copper. The 
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roasted ore is then heated with silicious sand, which com- 
bines with the iron, forming a fusible slag which separates 
fmm the sulphide of copper. The iron, by repeating this 
process, is at last removed. The sulphide of copper then 
decomposes, giving up its sulphur, and combining with 
oxygen. The oxide is then reduced by charcoal. 

Copper is a good conductor of electricity. It is of a 
reddish colour, and very malleable. In a dry atmosphere, 
it undergoes no change ; in a moist atmosphere, it becomes 
covered with a green crust of the carbonate of the metal. 
Dilute hydrochloric and sulphuric acid act slowly upon 
copper. Boiling sulphuric acid and cold nitric acid dissolve 
it readily ; the first yielding sulphurous acid, and the se- 
cond, nitric oxide, or binoxide of nitrogen. There are two 
oxides of copper which form salts : — the Protoxide, CuO ; 
and the Suboxide, CugO. The Protoxide may be prepared 
by decomposing the nitrate in a crucible at a red heat. If 
carbonate of copper in solution be mixed with a solution ot 
caustic potash, a bulky blue precipitate of the hydrated ox- 
ide falls, which, on being boiled, becomes of a dark-brown 
colour : this is the anhydrous oxide. The protoxide unites 
with all the acids, forming a series of important salts. The 
^hoxide of copper (CugO) often occurs, beautifully crystal- 
lized, with copper ores. It may be obtained artificially by 
heating in a covered crucible 5 ]:)arts of the black oxide and 
4 parts of copper filings, or by adding sugar to a solution 
of the sulphate of copper, and then adding caustic potash 
in excess. The sugar deprives the black protoxide of half 
its oxygen, the suboxide precipitating as a brown-red pow- 
der. The salts of suboxide are colourless and very unstable, 
owing to their tendency to absorb oxygen, and pass into 
higher oxides. The protoxide gives a green colour to 
glass : the suboxide, a red colour. 

Sulphate of Copper, Blue Vitriol, CuO, SOg + 5HO ; or, 
(CuSO^ -f. 5 HO). — The old copper sheathing of ships is 
calcined and dissolved in dilute sulphuric acid : or the salt 
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ihay Tbe procured by oxidizing the sulphide. This salt crys- 
tallizes in large blue crystals, soluble in water ; and, when 
anhydrous, is nearly of a white colour. At a high tempera- 
ture the salt is decomposed. It combines with potash 
and ammonia, forming double salts of a blue colour. 

NUrate of Copper, CuO, NO, + 3HO; or (Cu, NO, + 
^HO). — This salt is prepared by dissolving the metal in 
nitric acid. It formd deep blue crystals very soluble in water. 

Carbonate of Copper ^ CuO, CO, ; or, (Cu, CO,V — Car- 
bonic acid, in various proportions, combines with tne oxide 
of copper. When a solution of the carbonate of soda is 
added in excess to a solution of the sulphate of copper, a 
pale blue precipitate is obtained.* On heating, it becomes 
sandy, and of a green colour. It has the following com- 
position : CuO,COi +CuO,HO + HO. This salt is used 
in painting. The green mineral malachite has a similar 
Composition. A natural crystalline compound of the car- 
bonate of copper and water, having a deep blue colour, 
which has not yet been imitated artificially, has the follow- 
ing composition : 2(CuO,COg) + CuO,HO. Verdi ter is 
said to be similar in its composition. 

Chloride of Copper, CuCi + 2 HO, is easily prepared by 
adding hydrochloric acid to the protoxide of copper. It 
forms green crystals very soluble in water and alcohol. 
When slightly heated, it loses its water of crystallization, 
and becomes of a yellowish-brown colour. At a high 
temperature, it loses half its chlorine, becoming the sub- 
chloride, CujCl. This compound may also be formed by 
introducing* copper filings or Dutch gold leaf into a jar of 
chlorine gas. 

Arsenite of Copper {Scheeleh Green) is prepared by 
mixing a solution of the sulphate of copper with a solution 
of the arsenite of potash. It is a bright green powder, and 
is used in painting. 

Brass is an alloy of 70 parts of copper and 30 parts of 
Zinc. Gun-metal is an alloy of 90 parts of copper and 10 

p 
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of tin. Bell-metal contains a larger propcHtion of tin, 
Good bronze consists of 91 parts of copper, 2 parts of tin, 
6 of zinc, and i of lead. The brass of the andents coa* 
tained tin instead of zinc. 

Hydrosulphuric acid, and the sulphide of ammonium, 
precipitate the black sulphide of copper. 

The 6xed caustic alkalies throw down the blue hydrate 
of copper, which, on boiling, loses its water and becomes 
black. 

Ammonia produces a greenish-blue precipitate, which 
dissolves in excess, producing a beautiful blue azm-e colour. 

The carbonates of the fixed alkalies throw down a green- 
ish-blue carbonate of copper, which, by boiling, becomes 
black in an excess of the precipitant 

Cyanide of potassium gives a yellow-green precipitate, 
soluble in excess. 

Ferrocyanide of potassium produces a dark, purple-red 
precipitate. 

Copper may be thrown down in very dilute neutral so- 
lutions in a pure metallic state, by introducing a bright 
piece of metallic uon, which becomes at once covered with 
copper. When heated upon charcDal with carbonate of 
soda in the inner blowpipe flame, metalUc copper is ob- 
tained. 

LEAD. 

Symholt Pb; Equivalent, 103*56, 

The most abundant ore of lead is the native sulphide 
(galena), which not unfrequently contains small quantities 
of silver. The ore is p[aced on the floor of a reverberatoiy 
furnace. A considerable portion of the sulphide becomes 
by oxidation converted into the sulphate. The ore is then 
thoroughly mixed together, the temperature raised, th^ 
sulphide and sulphate react upon each other, producing sul- 
phurous acid and metallic lead :-t- 
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PbO, SO, + PbS = 2SO4 + 2Pb ; 
or, Pb, SO4 + PbS = 2SO, + 2Pb. 

Lead is very malleable, it has no elasticity, and very 
little strength. It melts at 600°, and volatilizes at a white 
heat. In moist air it becomes coated with a grey Blm of 
the suboidde. When melted it absorbs oxygen, passing 
rapidly into the protoxide. All the acids, except nitric, 
act slowly upon the lead. There are four oxides of lead. 

Protoxide^ Litharge^ Massicot^ PbO. — This oxide is ob- 
tained when melted lead is exposed to a current of hot air, 
or by heating the carbpiate to a dull redness. When care- 
fblly prepared, it is of a pale yellow colour ; when raised 
to a red heat, it fuses and forms crystals, on cooling, of a 
brick-red colour. It is slightly soluble in water, giving an 
alkaline reaction. In a melted state, it dissolves in silicious 
matter with great energy. It is largely used in the manu- 
facture of glass, upon which it confers great brilliancy. It 
unites with acids, forming a large class of colourless salts, 
if the acid be without colour. 

Red Oxide of Lead, Red Lead, Vhfi^, = 2PbO + PbOa- 
— *This oxide is pn^red by exposing for a long time to a 
dull red heat the protoxide of lead which has not been 
iused. It is a brilliant red powder. By the action of 
acids it is converted ittto the protoxide and binoxlde. It is 
used in painting, and sold as a substitute for vermilion. 

The Binoonide or Brown Oxide, PbOg, is obtained by 
digesting red lead in dilute nitric add. At a red heat it is 
converted into the protoxide* Hydrochloric acid converts 
it into the chloride. When heated with sulphuric acid, it 
forms sulphate of lead, one equivalent of oxygen being libe- 
rated. The binoxide of lead is used to separate sulphur- 
ous acid from gaseous mixtures, by converting the sulphur- 
ous acid into sulphuric, — PbOj + SOa = PbOjSOg. 

The Suboafide of Lead, PbjO, is obtained when the 
oxalate of lead is heated to a dull red heat in a retort. It 
absorbs oxygen with avidity, passing into the protoxide. 
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' NUraJte of Lead, PbO,N05 5 or (Pb,NO,).— If the car- 
bonate of lead be dissolved in dilute nitric acid, nitrate of 
lead is formed, and the carbonic acid liberated ; or the pro- 
toxide may be dissolved in dilate nitric acid, and concen- 
trated till the crystals separate. 

Carhmate ofLeadj White Lead, PbO, CO, ; or, (Pb, CO.). 
— This salt is sometimes found crystallized in long white 
needles, with other metallic ores, l^t is prepared by adding 
in the cold the carbonate of soda to the acetate of lead. It 
is, however, largely manufactured for painting in the follow- 
ing manner: — Into a great number of earthen jars, arranged 
side by side, a little vinegar is pour^. These jars stand oa 
manure or tan ; to each jar, a roll of sheet lead is adapted, 
or bars cast into the shape of a portcullis are placed, , 
so as not to touch the vinegar or project above the jar. 
The jars are closely covered with boards, and a layer of tan 
or manure is placed upon the top. Another row of pots 
is then placed upon the top of these, covered in like manner. 
By this arrangement a pile of many rows is constructed. 
After the lapse of some days, the sheets or bars of lead are 
taken out of the pots, when it is found that they are in 
great part converted into the carboi^te, which is made 
ready for use by washing and grinding. The nature of the 
change is not well understood ; it is thought that an acetate 
of lead is first formed, which is decomposed by the carbonic 
acid of the decomposing manure. 

If clean metallic lead be placed in pure water 'with 
exposure to the air, a white powder makes its appearance, 
covering the whole of the lead. This deposit is chiefly due 
to the action of the carbonic acid dissolved in the water, 
and consists of a combination of the carbonate and hydrate. 
The carbonate, although very insoluble in pure water, is 
slightly soluble in water containing free carbonic acid, which 
is nearly always the case. If the water were quite pure it 
would be contaminated with lead, and in course of time the 
whole of the lead would be dissolved. As all lead comr 
" ounds are very poisonous, pui'e water, or water containing 
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xnnch free carbonic acid, cannot therefore be kept in leaden 
cisterns, or passed through leaden pipes. In common river 
and spring water, however, a little sulphate is almost always 
present ; this forms a thin film of the insoluble sulphate 
of lead, which prevents further action. It is for this 
reason that leaden cisterns may be used without danger. 

The Chloride of Lead, PbCl. — This salt may be prepared 
by adding litharge to boiling dilute hydrochloric acid, 
filtering, and setting aside the filtrate to cool, or by mixing 
a saturated solution of the acetate of lead with the chloride 
of sodium. 

Iodide of Lead^ Pbl. — This salt is obtained as a beautiful 
yellow precipitate when "any soluble salt of lead is mixed 
with a solution of the iodide of potassium. 

Tests. 

Lead salts are thrown down as a black sulphide on the 
addition of hydrosulphuric acid or sulphide of ammonium. 
The insoluble Compounds of lead, by digestion with sulphide 
of ammonium, yield the sulphide if hydrochloric acid is pre- 
sent. The precipitate approaches a brownish-red colour. 

The soluble chlorides, or hydrochloric acid, precipitate 
the white chloride, which is soluble in an excess of watet or 
potash. 

Sulphuric acid precipitates the white sulphate. 

Ammonia precipitates all the lead salts except the acetate, 
as the white hydrate, insoluble in excess. 

The chromates precipitate the yellow chromate of lead 
from solutions of the oxide, insoluble In dilute nitric acid. 

The fixed caustic alkalies precipitate the white hydrate, 
soluble in excess. 

The alkaline carbonates precipitate the white carbonates, 
insoluble in excess, but soluble in caustic potash. 

The compounds bf lead, when heated in the blowpipe 
on charcoal v^th the carbonate of soda, yield a globule of 
metallic lead. 

p 2 
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BISMUTH. 

Symbol, Bi; Equivalent^ 213. 

This metal is of a reddish colour. It is separated from 
the earthy matter with which it is associated by heating 
the mixtare in a crucible with charcoal. It volatilizes at 
high temperatures, is slightly oxidized, by contact with air^ 
and dissolves freely in dilate nitric acid. 

The Teroxide of Bismuth^ BiOa, is the base of all the 
bismuth salts. It fuses at a high temperature, and forms 
a powerful flux with silicious substances. 

Nitrate of Bismuth, BiOa,3N05 + loHO; or, (Bi,3N0, 
+ loHO). — This salt is prepared by dissolving bismuth in 
nitric acid. If the solution be left for some time, large 
crystals of the neutral nitrate of bismuth are deposited. 
There is a basic nitrate of bismuth, BiOjNO^ -j- 2 HO. 
This salt was extensively used as a cosmetic, but it injures 
the skin. It is occasionally used in medicine. 

Eight parts of bismuth, 5 of lead, and 3 of tin, form a 
fusible metal used for taking impressions from seals. Bis- 
muth also enters into the composition of the best kinds 
of type. 

Tests. 

Hydrosulphurlc acid and sulphide of ammonium precipi- 
tate a dark tersulphide of bismuth, BiSa. 

The alkalies precipitate a white hydrate, insoluble in 
excess. 

The alkaline carbonates precipitate a white carbonate, 
slightly soluble in an excess of the precipitant. 

Chromate potash precipitates a yellow chromate of bis- 
muth, insoluble in caifl^tic potash, but soluble in nitric acid. 

Bismuth salts give, when heated upon charcoal with 
carbonate of soda in the inner flame of the blowpipe, a 
yellow incrustation. 
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MERCURY. 

Symbol^ Hg ; Equivalemtt loo. 

This important metal has been known from a very early 
period. It is found native, but chiefly in combination with 
sulphur. This ore is sometimes called cinnabar. It is found 
chiefly in Spain; and large quantities, in a state of great 
purity, have recently been imported from California. 
The mercury is separated from the sulphur by heating 
the ore in an iron retort, with scraps of iron or lime, 
at a high temperature. The mercury rises in vapour, 
which passes over into a large chamber, where the 
mercury is condensed, and sulphurous acid escapes. Mer- 
cury is imported in iron bottles, each holding seventy- 
five pounds. The iron bottles are sometimes used for pre- 
paring oxygen from the binoxide of manganese. Mercury 
is sometimes adulterated with tin and lead. Mercury, at 
ordinary temperatures, is a liquid. At 662° it boils, and 
passes into a colourless vapour of great density ; at a tem- 
perature of — 40° F. it solidifies. At ordinary temperatures 
mercury undergoes no change. When near its boiling 
point it absorbs oxygen, passing into a dark-red powder, 
which is the red protoxide, and highest oxide of the metal. 
At a temperature approaching red heat it is decomposed 
into metallic mercury and oxygen. It was by this method 
that Priestley discovered the presence of oxygen gas. Dilute 
hydrochloric and sulphuric acid have no effect on the metal 
at ordinary temperatures. Concentrated boiling sulphuric 
acid converts mercury into the sulphate of the protoxide of 
the metal, with evolution of sulphurous acid. Hitric acid, 
at the common temperature, dissolves mercury without 
diflficulty, with evolution of the bihoxide of nitrogen. 

There are two oxygen compounds of mercury, the grey 
or suboxide, HggO, and the red or protoxide, HgO. The 
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salts of the latter are the most permanent in their character. 
The isomorphous relationship of mercury to the other metals 
is not well established. 

The Suboxide of Mercury y BgjO^ is prepared by digesting 
calomel, Hg^Cl, with a solution of caustic potash, or by 
adding caustic potash to the nitrate of the suboxide. It is 
a dark grey powder, insoluble in water. Mercuiy and 
chalk, and grey ointment are preparations of this o3cide. 

The Protoxide of Mercury, HgO, may be prepared by 
heating the nitrate of the protoxide until the acid is expelled, 
or by adding an excess of caustic potash to a solution of 
corrosive sublimate, HgCI. A bright yellow precipitate ot 
the protoxide is thrown down. It is slightly soluble in 
water, and very poisonous. 

Sulphate of the Suboxide of Mercury^ HgaO,SOa, or 
Hg, SO4) is prepared by adding sulphuric acid to a solution 
of the nitrate of the suboxide. 

Sulphate of the Protoxide of Mercury, HgO, SOg, or 
(Hg, SO4), may be obtained by boiling equal weights of sul- 
phuric acid and mercuiy, until the metal is converted into 
a white crystalline powder, which is the sulphate of the 
protoxide of the metal. The solution is evaporated to 
dryness. Water decomposes this salt, forming an insoluble 
yellow compound called turbith mineral, 3HgO,SOa. By 
continual washing with hot water, the acid is entirely 
reriioved, leaving the original protoxide of the metal. 

The Nitrate of the Suboxide of Mercury, Hg20,NO5 or 
(ftgjNOj) + 2HO, is obtained by dissolving mercury in 
in excess of dilute nitric acid. If the mercury be in excess 
a salt is formed, containing 3HgjO,2N05 + 3 HO. Both 
these salts are decomposed by water. These salts, having 
^ a similar corlposition, may be easily distinguished by 
rubbing them in a mortar with a little chloride of sodium. 
The nitrate of the suboxide gives nitrate of soda and calomel. 
The basic salt gives a black compound of the nitrate of 
soda, calomel, and protoxide of mercury. 
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The Nitrate of the Protoxide of Mercury^ HgO,NOj, or 
(Hg,NO,), is prepared by dissolving the red oxide in excess 
of nitric acid, and gently evaporating. When the solution, 
which has this composition, HgO,NOj + 2HO, has become 
thick, it is placed under a bell jar over strong sulphuric acid, 
when large crystals are deposited, consisting of 2(HgO,NO») 
+ H0. 

The Suhchhride of Mercury y Cahmelt Hg,Cl, is a very 
important compound. It may be prepared by pouring a 
solution of the nitrate of the suboxide into a large excess of 
dilute solution of common salt. Calomel is usually prepared 
by the following method. The dry sulphate of the red 
oxide of mercury is rubbed in a mortar with the same 
weight of mercury the salt contains, and a quantity of the 
chloride of sodium. When a uniform mixture has been 
produced, it is placed in a retort. It sublimes at a 
temperature below a red heat. The vapour is conveyed 
into a chamber, and condensed in a finely divided 
state :— 

HgO,S08 +Hg + NaCl = Hg,Cl + NaO,SOa; ^ 

or, Hg,SO, + Hg + NaCl = Hg^a + NaSO,. 

Calomel is a white heavy insoluble powder. It is not 
afiected with cold nitric acid, but hot nitric acid dissolves 
it. It is decomposed by lime water, with production of 
the suboxide. If calomel should contain any chloride of 
mercury it is very dangerous. This chloride may be 
detected by boiling the calomel with water, filtering the 
solution, and adding caustic potash. Any corrosivesub- 
limate is detected by a yellow precipitate. 

The Protochhrtde of Mercury, HgCl, may be prepared 
by dissolving the red oxide in hot hydrochloric acid, when 
crystals of corrosive sublimate separate as the solution cools. 
It is generally prepared by subliming a mixture of the dry 
sulphate of the protoxide of mercury with an equal weight 
of dry common salt ;— 
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HgO,SOs + NaCl = HgCl + NaO,SO», 
or, Hg,!S04 + NaCl = HgQ + NajSO.. 

Corrosive Sublimate is a white crystalline compound. It 
absorbs ammoniacal gas freely, is soluble in water, and forms 
a series of doable salts : — 

HgCl + NH^Cl + HO. 

Organic substances containing nitrogen unite wi& cor- 
rosive sublimate, forming insoluble compounds. It is on 
this account that albumen is a good antidote to poisoning 
by corrosive sublimate. Kyan's patent for preserving 
timber, cordage, &c., consisted in saturating the substances 
with a solution of corrosive sublimate. 

Svbiodide of Mercury y Hg^I, is obtained When a solution 
of the iodide of potassium is added to a solution of the 
nitrate of the suboxide of mercury. The suboxide separates 
as an insoluble dirty yellow precipitate. 

The Protoiodide of Mercury, Hgl, is prepared by adding, in 
equivalent proportions, a solution of the iodide of potassium 
to the protochloride of mercury. The precipitate is first 
yellow, but changes into a brilliant permanent scarlet* 
colour. 

SubsulpUSe of Mercury y HggS, is thrown down as a 
black precipitate whep a solution of hydrosulphuric acid is 
mixed with a solution of the nitrate of the suboxide of the 
metal. It is decomposed by heat into sulphur and metallic 
mercury. ♦ 

The Proiosulphide of Mercury, Cinndbarj Vermilion, 
HgS. — When hydrosulphuric acid is passed gradually into 
a solution of corrosive sublimate, a white precipitate is 
obtained, a compound of the salt and sulphide. An excess 
of gas converts it into the black sulphide. When this black 
sulphide is subhmed, it uudergoes no change of composition, 
but it becomes a dark red crystalline compound known as 
cinnabar and vermilion. When the protosulphide Is heated 
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Jn air/it yields sulpburoua'acid and metallic mercury. The 
protQsulphide is not attacked by alkalies or strong mineral 
acids. It dissolves in aqua regia. 

Mercury dissolves many of the metals, as gold, silver^lead, 
tin. A mixture of tin and mercury is used in silvering glass. 
The compounds are called amalgams. 

All the basic salts of the suboxide are white; the neutral 
salts are yellow. 

Salts of the suboxide are reduced by zinc, iron, copper, 
and the sulphate of the protoxide of iron. 

Tests, 

With salts of the suboxide : — 

Hydrosulphuric acid precipitates the black sabsulphide» 
Hg«S. 

The sqlphtde of ammonium produces the same result^ 
insoluble in excess. It is decomposed into metallic mercury 
and sulphide of mercury on the addition of potash. 

The soluble chlorides and hydrochloric acid precipitate 
the white subchloride, which is converted into the black 
suboxide on the addition of any caustic alkali. 

The alkaUne carbonates precipitate the carbonate of the 
suboxide, 

* 

Salts of the proto3pide are precipitated as the black 
protosulpliide, on the additicMi of hydrosulphuric acid and 
the sulphide of ammonium. This precipitate is soluble in 
caustic potash if the sulphide of ammonium be in excess. 
On the addition of a small quantity of these reagents the 
precipitate is white ; but on a greater addition ihe black 
sulphide is produced, insoluble in concentrated boiling nitric 
acid, but easily dissolved in nitro«hydrochloric acid. 

Ammonia, and the carbonate of ammonia, give a white 
precipitate. 

All the compounds of mercury, when heated in a 
test-tube with c^bonate of soda, yield globules of metallic 
mercery easily seen through a lens. Mercury, in neutral* 
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and slightly acid solutions, may be detected on the intro^ 
duction of a piece of bright copper foil. After a few 
minutes, a grey metallic covering of mercury is produced. 

SILVER. 
Symholt Ag ; Equivalent, io8. 

This metal is found in its pure state, bnt chiefly as the 
sulphide, bromide, and chloride, and in combination with 
lead ores. The chief sources of this metal are the mines 
of theHartz mountains in Germany, Kongsberg in Norway, 
and the Andes in America. The ores are too poor to 
admit of the metal being extracted by smelting, although 
fuel may be abundant in the neighbourhood. It is therefore 
obtained by a con^plicated process of amalgamation with 
mercury. Pure silver may be obtained by dissolving the 
metal in pure nitric acid. If copper be present the solution 
will be of a faint green tint. If gold be present, a black 
undissolved powder will remain. If the solution be noW" 
mixed with hydrochloric acid, a white insoluble precipitate 
of the chloride of silver will be obtained. This is washed, 
dried, and mixed with twice its weight of anhydrous car- 
bonate of soda, and heated in an earthen crucible; gradually ' 
raised in temperature until it approaches a white heat. 
Oxygen and carbonic acid are evolved, and metallic silver 
is found in a button at the bottom of the crucible. 
Silver is of a white colour, of great lustre, malleable, ductile, 
and an excellent conductor of heat and electricity. It is 
unalterable in air and water. When strongly heated in air 
or oxygen, it absorbs many times its volume of that gas ; 
but when the metal solidifies it parts with its oxygen, 
giving a rough arborescent appearance to the surface. of the 
metal. The addition of a small portion of copper prevents 
the absorption of oxygen. When silver is heated with 
powdered glass, it forms a silicate of an orange colour. 
Hydrochloric acid has httle effect on silver. Hot sulphuric 
-'^id converts it into a sulphate* Nitric add dissolves it 
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easily. The metal has a great affinity for sulphur. 
Sulphuretted hydrogen tarnishes tlie surface with a black 
sulphide. This is the reason silversmiths usually burn 
their gas outside the shop. 

There are three oxides of silver : — 
The Svboxide Agfi, which is unimportant. 
The Protoxide of Silver, AgO, is a powerful base, 
neutralizing the most powerful acids, which form colourless 
saltd. It may be prepared by precipitating the nitrate of 
silver with caustic potash. It is soluble in ammonia and 
slightly soluble in pure water. ^At a red heat, it is 
decomposed into metallic silver and oxygen. 
The Peroccide is unimportant. 

The Nitrate of Silver, Lunar Caustic^ AgOjNOj, or 
(AgjNOe), is prepared by dissolving metallic silver in nitric 
acid. The solutionis concentrated and evaporated. When 
melted and poured into cylindrical moulds it forms the 
lunar caustic of the surgeon. When exposed to light, the 
-salt blackens, especially if any organic matter be present. 
It stains the skin black, and is employed as a dye for the 
hair, and for the manufacture of marking, ink for linen. 

Sulphate of Silver^ AgO,SO„ or (AgjSO^). — This salt is 
prepared by precipitating a concentrated solution of the 
nitrate of silver with sulphate of potash. 

The Hyposulphate of SHver^ AgOjSgOs + HO ; or (Ag, 
SaOe+ HO.) — This salt is of a white colour, very soluble 
and permanent. 

The Hyposulphite of SUver, AgO,S A + HO ; or (Ag, 
SgO, + HO, is a very unstable compound, insoluble, and ot 
a white colour. It combines with any alkaline hyposulphite, 
forming soluble compounds of a sweet taste. The oxide 
and chloride of silver give rise to similar compounds with the. 
alkaline hvposulphites. 

The Carbonate of Silver, AgO,CO, ; or (Ag,CO"), is 
prepared by mixing a solution of the nitrate of silver with a 
solution of the carbonate of soda. 
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Chloride cf Stiver, AgCl.-r-This "salt is produced wbeii 
any silver compound is precipitated with a soluble chloride. 
It is of a white curdy appearance, quite insoluble in water 
and nitric acid. It is sometimes found native, and is called 
horn silver. The chloride of silver is decomposed by 
exposure to light, especially if any organic substances are 
present. It is reduced to its metellic state when put into 
water with metallic zinc or iron, and a little sulphurio aoid* 
It is soluble in ammonia and the cyanide of potassium. 

The Iodide of Silver , Agl, is obtained when a solution of 
the iodide of potassium^is added to the nitrate of silver. It 
is nearly insoluble in ammonia. In this respect it is an 
exception to the silver salts generally. The bronude re- 
sembles the chloride. 

The Sulphide of Silver, AgS, is obtained by precipitatiQg 
a solution of silver with hydrosulphuric acid. 

The salts of silver are mostly without colour, and leave in 
moat cases metallic silver after ignition. Silver compounds 
are decomposed by zinc, iron, copper, sulphate of the pro- 
toxide of iron, and chloride of tin, metallic silver being 
precipitated. 

Tests. 

Hydrosulphuric acid and sulphide of ammonium preci* 
pitate the black sulphide of silver. 

Hydrochloric acid and the soluble chlorides throw dowit 
a white curdy precipitate of the chloride of silver, soluld^ 
in ammopia, but insoluble in nitric acid. 

The fixed . caustic alkalies give a brown precipitate, 
Amiponia gives a brown precipitate of oxide, soluble m 
excess. 

The alkaline carbonates llirow down the white earbonate 
of silver, soluble in an excess of the carbonate of ammonia. 
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PLATINUM. 

Symhol, Pt : Equivalent, 98*7. 

This metal in a crude state, associated with palladium, 
rhodium, iridium, osmium, and iron, is found among the 
diluvial accumulations on the slope of the Ural mountains 
ill Russia, Ceylon, and South America. It has never been 
seen in tiie rocks formed of any of the materials accom- 
panying it It is extracted from the alloy by a very 
difficult and complicated process. 

Platinum is a white metal, very malleable, ductile, and 
infusible, scarcely yielding at times to the oxyhydrogen 
blowpipe. It is the heaviest known substance. Neither 
air, moisture, nor ordinary acids have the slightest effect on 
platinum. It is dissolved in nitro-hydrochloric acid, and 
oxidized by the f^sed hydrate of potash. Spongy platinum 
and platinum black have the property of condensing gases 
into their poreS) especially oxygen. It is this property 
which is thought to determine the union of hydrogen and 
otygen when a piece of spongy platinum is held before a 
jet of hydrogen. 

There are two oxides of platinum. 

The Protoocide, PtO, may be obtained by digesting 
the protochloride with caustic potash : the protoxide of pla- 
tinum is produced as^a black powder, soluble in an excess 
of potash. 

The Binoxide of Platinum, PtOj, is prepared by boiling 
ihe bichloride with an excess of caustic soda, then adding 
acetic acid. A bulky brown powder is produced, which 
becomes black and anhydrous when gently heated. 

The Bichloride of Platinum, PtClg, is the most important 
compound. This compound is formed when platiiitim is 
dissolved in . nitro-hydrochloric acid. On evaporating to 
dryness, a reddish-brown residue is left, very soluble in 
water and alcohol. The solution has an orange-yellow 
colour, tfc forins a variety of double salts with metallic 
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chlorides. When a solution of the bichloride of platinmn 
is added to any solution of potash, a bright'^yellow crystal- 
line precipitate is produced of the bichloride of j^latinuiit 
and ihe chloride of potassium, PtCls + KCl. A few drops 
of hydrochloric acid promote the formation of the precipi- 
tate. 

The Chhrtde of Platinum^ PtCl, is produced when 
sulphurous acid is passed into a solution of the bichloride 
until it ceases to give a precipitate with chloride of ammo- 
nium. It is a greenish powder insoluble in water, bu(; 
soluble in hydrochloric acid. 

Tests. 

A solution of the binoxide or bichloride of platinum can 
be recognized by a yellow precipitate with chloride of am- 
monium or chloride of potassium. Hydrosulphuric acid 
on the application of a moderate heat precipitates the bisul- 
phide, of a brownish-black colour, insoluble in nitric acid 
and hydrochloric acid, but soluble in the sulphide of ammo- 
nium and nitro-hydrochloric acid. Chloride of tin, in the 
presence of free hydrochloric acid, gives a reddish-brown 
colour to solutions of platinum. 

GOLD. 

SymbolfAa; Equivalent, 197. 

This metal is widely diffused throughout nature. Small 
quantities are found in iron pyrites and the granitic rocks. 
It is always found in a pure metallic state, beautifully 
crystallized in a cubic form, associated with sand, quartz, 
and oxide of iron. The sands of various rivers contain this 
metal in a .finely-divided state. This is the gold-dust of 
commerce. 

Gold does not oxidize in air or water. It is not affected 
by any single acid. A 'mixture of hydrochloric and nitric 
acid is used to dissolve it. Gold melts at a temperature of 
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2016^ Fahr. It is the most malleable and ductile. of all 
the metals. The thinnest gold leaf is said not to exceed 
the Yxy 0*5 vs^ of ^ inch in thickness. 

There are two oxides and two chlorides of gold. 

The Protoxide of Gold, AuO, is obtained by adding a 
solution of caustic potash to tiie protochloride. It is a 
green powder, slightly soluble. The solution is very nn- 
Btable, and decomposes into metallic gold and the teroxide 
of the metal ; the latter dissolves, and the former falls in fine 
powder to the bottom. 

The Teroxid$ of Gold, AuO„ is obtained by adding mag- 
nesia to the terchloride. It is a Teddish-yellow powder, 
which dries into a dark-brown colom*. 

The Protochloride of Gold, AuCl, is produced by evapo- 
rating the terchloride to dryness and exposing it to a heat 
of about 440°, until chlorine ceases to be given off. It is 
It yellowish-white mass insoluble in water. 

The Terchloride of Gold, AuClg, is the most important 
compound. It may be produced on a small scale by passing 
chlorine through water in which pieces of gold leaf are 
suspended. The gold dissolves, and if the solution be 
evaporated it yields crystals of the terchloride. It is always 
produced when gold is dissolved in nitro-hydrochloric acid. 
It is very deliquescent and soluble in water. The terchloride 
combines with other metallic chlorides forming double salts. 
*rhe general formula of these compounds may be thus re- 
presented, MCI -I- AuCJg. 

The terchloride of gold, with an excess of the bicarbonate 
of soda or potash, is used for gilding small ornamental cop- 
per ai*ticles. They are first cleaned with dilute nitric acid, 
then boiled for some time in the solution. 

Gold coins are alloyed with a proportion of silver or 
Copper to increase their hardness and duTrability. English 
jstandard gold contains ^^ of copper. 

Gilding on copper is. now performed by electrotype. 
The solution employed for this purpose is obtained by dis- 

Q 2 
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solving the oxide or cyanide of ^gold in a solution of the 
cyanide of potassium. 

The most mportant reducing agents for gold are the sul« 
phate of the protoxide of iron, oxalic acid, and chloride of tin. 
The sulphate of the protoxide of iron precipitates metallic 
gold as an impalpable, brown powder, which may be col- 
lected on a filter. Dried and rubbed with a smooth body, it 
assumes the yellow colour and metallic lustre of the metal. 

The chloride of tin, containing a little bichloride, on the 
addition of a drop of nitric acid, produces in very dilute 
solutions of gold a purple precipitate, known as the purple 
of Cassius. 

AESENIO. 
Symbol, As ; Equivalent, 75. 

This metal is of a steel-grey colour. It is sometimes 
found native, but more frequently in combination with oxy- 
gen, sulphur, iron, nickel, and cobalt. These arsenides of 
the metals are placed in a reverberatory furnace, and the 
volatile products condensed in a chimney of peculiar con- 
struction. The crude arsenious acid is then purified by 
sublimation. It is then reduced with charcoal in an earth- 
enware retort, and the metal easily sublimes. 

Arsenic, when heated, oxidizes into arsenious acid. It 
combines with the metals, like sulphur and phosphorus, 
and unites with oxygen in two proportions : — arsenious acid, 
AsOg, and arsenic acid, AsOj. There is no basic compound 
of this metal. The vapour of arsenic has a strong odour of 
garlic. 

Arseniom Acid, White Oxide of Arsenic, AsO,, is pre- 
pared by heating arsenic in contact with air. It is very 
soluble in hot water, and the acid crystallizes in transparent 
octohedrons. The alkalies dissolve this compound readily, 
forming arsenites. Arsenious acid is a powerful poison^ 
In experimenting with arsenic compounds, the student shoul4 
avoid inhaling the vapours. 

Arsenic Acid^ AsOj. — This compound is produced by 
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dissolving arsenious acid in hot hydrodiloric acid, and ozi- 
diziDg with nitric acid so long as red yapotus are produced. 
The solution is then carefully evaporated to dryness. The 
acid so obtained is white and anhydrous. It slowly and 
entirely dissolves in water, the solution being slightly acid, 
which, on being evaporated, yields after some time, crystals 
of hydrated arsenic acid. When heated, it is decomposed 
into arsenious acid and oxygen. 

Arsenic acid resembles in the closest manner phosphoric 
acid, forming salts conespondiug to the phosphates. 

The Arseniate of SodUy 2NaO,HO,As05 + 24HO,- can- 
not be distinguished in its appearance from the phosphate 
of soda. It may be prepared by adding a solution of car- 
bonate of soda to a solution of ai*senic acid until the acid is 
completely neutralized, and then evaporating. 

There are also two other arseniates of soda, having the 
following composition :— 3NaO,As04 + 24HO, and NaO, 
zHO.AsOj + 24HO. 

There are three sulphides of the metal : — 

Healgar, AsS„ which is found native, and can be formed 
ai'tificially by heating arsenic with the equivalent proportion 
of sulphur. It is employed in painting and for making 
white fire. 

Orpiment, AsSg, is also a natural compound. This may 
be prepared by precipitating an acid solution of arsenic 
with hydrosulphuric acid : af^r the lapse of some time a 
higher sulphur compound is precipitated. 

The Pentasulphide of Arsenic^ AsS^, is not important. 

The three sulphur compounds of arsenic are all sulphur 
acids. 

Tests. 

Arsenious acid can be detected by characters which can- 
not be mistaken. 

The nitrate of silver is added to a solution of areenious 
acid and water ; on the addition of a drop or two of am- 
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monia, a jellow precipitate of the arsenite of silver is thrown 
down very soluble in ammonia and nitric acid. 

Sulphate of copper, on the addition of a little alkali, 
added drop by drop, produces a yellow-green precipitate 
(Scheele's green), soluble in ammonia. 

Sulphuretted hydrogen is passed through a solution of 
arsenions acid, previously acidulated with a few dit>ps of 
hydrochloric acid ; a copious bright fyellow precipitate of 
orpiment is thrown down, soluble in ammonia, and can be 
reprecipitated by sulphuric acid. 

The detection of arsenious acid when mixed with the 
contents of the stomach, is much more difficult. The pre- 
sence of organic matter so interferes with the action of the 
tests just given, as to render their results Worthless in a 
matter of so much importance. 

Marsh's plan is, perhaps, the most simple and delicate. 
The apparatus used consists of a U-shaped tube of large 
diameter, on one leg of which is blown two bulbs, the 
uppermost closed by a cock with a small brass stop-cock. 
The other leg of the tube is open. Slips of pure zinc are 
placed in the lower bulb by unscrewing the stop-cock. 
The suspected liquid, which has been acidulated wifli pute 
sulphuric acid in the proportion of one ounce of acid to a 
pint of the liquid, is then introduced among the scraps 
of zinc. The stop-cock is closed, and hydrogen is gene- 
rated in the lower bulb, which forces the liquid into the 
upper bulb. The apparatus now ftcts by hydrostatifc 
pressure. As soon as the stop-cock is opened the gas is 
forced through the jet and inflamed ; a piece of white 
porcelain is held in the flame, when any arsenic is at once 
recognized by the presence of a black, brilliant metallic spot 
of reduced arsenic on the porcelain. 

The evolved hydrogen in the lower bulb combines With 
the arsenic in the arsenious acid, and the gas which is 
inflamed is arseniuretted hydrogen, which in contact with 
'Se cold porcelain is reduced to a metallic state. 
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RjSSUMfi. 

POTASSIUM. 
Symbol, K ; Equivalenf, 39. 

Discovered by Sir H. Davy in 1 807.^ 

Physk<d\ Properties . — A white, soft metal, capable of 
being cat with a knife. 

Specific Gravity. — o'86. 

Oliemicdl Properties. — A simple body absorbing oxygen at 
all temperatures, and decomposing water in the cold. 

Preparation.— "By reducing the carbonate of potash and 
charcoal to powder, and heating in an iron retort ; the po* 
tassium in a melted state falls into a receiver containing 
coal-naphtha. 

Pbotozide of Fotassa, Potash. 
Symbol, KO ,* JSquivalent, 47. 

Physical Properties. — A white, solid body. When 
touched with the fingers it feels soapy. It is fusible at ^ 
dull red heat, and volatilizes at a high temperature. Pot- 
ash unites with water, forming the hydrate of potash, 
which is the true caustic potash, KO,HO (KHO,). It is a 
very powerful alkali, completely neutralizing the strongest 
acids. On expasure to the air potash absorbs moisture, be- 
comes slightly liquefied ; and when converted into the car- 
bonate it melts. 

Preparation. — The potash of commerce is an impure 
carbonate, and is chiefly obtained from wood ashes. 

Nitrate of Potash, Nitre, 
Symbol, EOjNOs ; Equivalent, loi. 

Physical Properties. — A white salt, crystallizes in long 
six-sided prisms. It is decomposed at a high temperature. 

Chemical Properties. — ^It is soluble in water, and becomes 
liquid (deliquesces) in a moist atmosphere. It is a poison 
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when taken in large quantities. With sulphur and carbon 
it forms gunpowder. 

Nitre is found in many parts of the East as a white 
efflorescence on the surface of the earth. The French ma- 
nufacture it artificially from urine, chalk, and decomposing 
animal substances. 

Gunpowder differs in its composition according io its use. 
The following may be taken as the general composition !^— 

KCNO* + 13+30. 

SODIUM. 
Bymbol, Na) Equivalent, 23. 

Discovered by Sir H. Davy in 1807. 

Specific Gravity, -^O'^l, 

Physical Properties, — A white, silver-looking metal, solid 
at ordinary temperatures, and volatile at a red heat. 

Chemical Properties, — Decomposes water, and absorbs 
oxygen at all temperatures. It is kept in coal-naphtha. 

Preparation, — By heating the carbonate of. soda and 
charcoal in iron retorts, the same as described under pof£is- 
sium. 

BODAi 

Symbdt, NaO; EqtHfUilentt 3t. 
Soda is very analogotis in all its properties to potash, 
iThe soda of commette is an impure carbonate, chiefly 
obtained firom common salt. 

Sulphate of Soda. 
^ %7w5oZ, NaO.SOj ; or (^"0,804). Equivalent, yi. 
Physical Properties, — A white salt, crystallizes in four- 
sided prisms ; soluble in twice its Weight of cold water.. It 
is used in the manufacture of carbonate of soda. 

CHLORiDlB OF I^ODroM, CoitMON SaLT. 

SymhoU i^aOl; Equivalent, 68*5. 
Physicitt Properties, — A white salt, cfystalliies in the 
form of cubes. It isl soluble in watei", and is obtained b^ 



evaporation of brine. Oar chief supplies are from the salt 
mines of Cheshire. 

The brine springs of Cheshire yield a large supply. It is 
sometimes obtained by evaporating sea-water. 

AMMONIA. 
Symbol, NH^; Oxide of Ammonium, NH4O; Equivalent, 26. 

The compound metal ammonium, of which ammonia is 
the oxide, has never been isolated. 

Ohermcai Properties, — Ammonia has a powerful odour, 
and very volatile. It is strongly alkaline, and can be made 
to replace potash or soda. It is this property of ammonia 
which gives rise to a series of salts analogous to those o& 
soda and potash. 

The salts of ammonia contain an equivalent of water. 
Hypothetical formula of ammonium, NH^, The hydrate is 
the oxidie J^HgHO, or KH^O. All the salts of ammoniji are 
constituted on this theory. 

Cabbonates of Ammonia. 

The neutral anhydrous carbonate of ammonia, NHg COg, 
is prepared by the direct unioi) of carbonic acid with am* 
moqiacal gas. It is very soluble in water. 

The strong smelling salts of ammonia are prepared by 
sublimipg a mixture of sal ammoniac with chalk* It is pro- 
bably a sesquicarbonate, 2NH^O,3CO,. 

Ohlobidb ov AMiioimjM, Baii AuMomie. 
iSyTnftoZ, NH4CI; ^(jtiiwlen*, 53*5, 

A white, fibrous, crystalline body ; volatile at; a red heat, 
and soluble in water and alcohol. It is prepared by acting 
on the carbonate of aipmonia with hydrochloric acid :— 

J[H*0,COg + HCl = NH4CI + HO,COg^ or 
HH,CO + HCl = NH4CI + HO+COs, 



180 ELKMENTARY CfiEMISTRY. 

BABIUM. 
Symbdlt Ba ; EquivalerU, 68*5. 

A wbite, brilliant metal, but speedily oxidises on expo- 
sure to air. It is very heavy, poisonous, and decomposes 
cold water. 

BiKOXIDE OF BaBIUU. 

Symbol, Be.O^\ Equivalent, 84*5* 

Is of a greenish -white colour, and amorphous. It can b^ 
obtained by heating to redness baryta, BaO, in a current of 
oxygen or air. The binoxide is deoxidized into baryta at a 
red heat. This alternate oxidation and deoxidation of 
baryta ]ias been proposed as an economic source of oxygen. 

CALCIUM. 
Symholt Ca ; Equivalent, 20. 

A white metal, discovered by Sir H. Davy in 1809, 

similar to Barium. Calcium has been seen by very few 

persons. On exposure to air it passes into the protoxide of 

calcium, CaO (lime). 

LnfE. 

Symbol, CaO ; Equivalent, 28. 

- Lime is a white amorphous body, usually called quick- 
lime. It absorbs moisture with great avidity, passing intp 
the hydrate, CaO,HO (Ca,HOj), and on exposure to tlxie 
air it absorbs carbonic acid, becoming the carbonate of lime. 

It is more soluble in Cold water than hot, forming a solu- 
tion known as lime-water. 

Lime is made from chalk or marble, by strongly heating 
in a limekiln, which drives off the carbonic acid. ■ 

With alumina, silica, and iron, it forms hydraulic c6« 
ments, which have the property of hardening under water. 

Building mortar is a mixture of sand, lime, and water. 
It hardens on exposui^e to. air. Good mortar ought to con- 
tain three parts of road or river sand to one of lime. 
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Cabbonatg of Lime. 
Syrnbol^ CaO,GOs ; or (Ca,CO,) ; Equivalent, 50. 

There are several varieties of carbonate of lime : 
The crystallized forms, such as stalactite, spathose, and 
arragonite ; amorphous, such as chalk and limestone ; and 
the granular or crystalline, as marble. 

The piire carbonate of lime is without colour ; insoluble 
in pure water but soluble in waiter containing carbonic acid. 
It is decomposed by heat into carbonic acid and lime. Car- 
bonate of lime is one source of incrustations in steam-boilers 
and teii^-kettles. By heating water containing this salt the 
carbonic acid is driven off, and the insoluble carbonate of 
lime falls to the bottom. Stalactites in caverns are formed 
by the gradual percolation of water containing the carbonate 
of lime. 

SULFHATB OF LiME, PlASTEB OF PABIS, GtFSUM. 

Symhcl, OaO,SO,; or (Ga^SOJ ; Equivalent, 68. 

This salt is found in nature both in a crystallized and 
JEtmorphous state. The anhydrous sulphate is the plaster of 
Paris ; it absorbs water and becomes a hard compact mass. 
It requires a red heat to deprive it of this water. The sul- 
phate of lime is soluble in 500 parts of cold water. In its 
crystallized state alabaster is a familiar example. 

ALUMINIUM. 

Symbol, Al; Equivalent, 13*7. 

A pilver-T^rhite metal, discovered by Wohler in 1828 ; 
does not readily oxidize. Aluminium is obtained from a 
mineral called cryolite, by reduction with potassium or 
sodium, or by decomposing the chloride of aluminium by 
the vapour of sodium. Specific gravity, 2*6. 
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Symbol, Mfi, i Combinif^ Xkpiivalent. 5 r .4. 

Alumina is a ver;- weak I^, and its salts have freanen(' 

an acid reaction. The ruby and sannhino » "equeni, 

varieUes of alumina colour^ witTS? ^f.*??'''"^f 

Emery powder, used for polisWng jJw^H L° 

. ««a«/kind of cy^tallized dl-mina ifi^^^^*^' ^^^ 

AH {healnmsare dooUesnIphates rv»y. . 

be taken as the type, which ia a double s^TT^ ^T ""^ 
^d potash, AIA,pb. +3SO.+74HS^?;/f'"t 

^ *^ . IROK. 

Symbol, Fe; EqiUvalent, 28. 

Pure iron is of a greyish-white colour, fnsihT^ «^ 1.. v 
uoerature. It has great tenacity, vprtr %.,I.?^ ^* * H^ 



jiito 



powder, and very oxidizable. The teBquioxSi^* ^u 
iaoi a reddish-brown colour, and is obtained hv ' ^>^»'.^^ch 
with ammonia, any of the salU of the pro^^^r^^^^^ 
The magnetic oxide FeA, which is ^o^lm^Zr^^l 
the product of burning u'on wu'e in oxygen, |^f 



ZINC. 

Symbol, Zn ; Equivalent, 32, 



This metal is first mentioned by Paracelsus r^r^. j. , 
in 1 5?0. It il^ of a bl«ish;white colour, soft, sli^htiv fl "^ 
ble, and at a temperature of ^70° very malleable, Xf J 
heat it boils.4n4 volfttiliaes, and if air be. presenC'buni * ^ k 
a green flame, generating the oxide of Einc. Zir^r^ • 
specific gravity of 7- ^'"^"^ ^ a 
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Zinc iB much tmd for roofiiagy instead of lead.. It is dur- 
able, but inferior iir this respect to lead. Cisterns, pails, 
yW,^' and many domestic utensils are now made of zinc. 

The protoxide of zinc, ZnO, is a white body, and a 
powerful base. It may be obtained by the direct oxidation 
of zinc. It is used as a bad substitute for white lead in 
^'ri^ painting, 

i cais^ Sulphate of zinc, Zn0,S0a+7H0i or (Zn,S04 + 7HO) — 
white vitriol. This salt is amorphous with the sulphate of 
magnesia. It is of a white colour, sohible in water, but 
insoluble in alcohol* It is employed in calico printing. 

I'm. 

Bymbd, Sn; JSguivalerU, 584 

Tin is a white silver-looking metal, has gi-eat metallic 
lustre, and is a good reflector of light It has a specific 
"gravity of 7 '29. There are two important oxides of tin, 
the protoxide SnO, and the binoxide SnO,. The salts of 
the protoxide are precipitated with chloride of gold. The 
precipitate is of a purple colour, and is known as the purple 
ofCassius. 

The salts of the binoxide of tin give a white precipitate 
with sulphuretted hydrogen. 

The salts of tin are used in dyeing* Thin sheets of iron 
dipped in molten tin, form the tin plate of commerce* A 
mixture of tin and lead forms the solder of the plumber* 
Tin and sulphur form mosaic gold. Pewter is tin hardened 
with antimony* Britannia metal is a compound of variable 
quantities of copper, tin, bismuth, and antimony. 

COPPER. 

8ifrnbol,Cn; Equivdlentp ^VT» 

Copper is of a red colour, very ductile and tenacious* 
When breathed on, it creates a disagreeable odour. It is 
fusible at a bright red heat, and has a specific gravity of 8 * 89. 

On exposure to a moist atmosphere, copi)cr becomes 
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covered with a film of the carbonate of copper, which is of 
a green colour, and very poisonous. 

There are four oxides of copper— two only are impoiiant. 
The suboxide Cu,0, and the protoxide CuO. The suboxide 
is of a red colour, soluble in ammonia. The protoxide is 
the ordinary base of all the copper salts* 

The salts of copper give, with ammonia, first a green, 
then a blue colour. The sulphate of copper CuO,SOa + 
5HO, or (Cu,S04 + 5HO), is of a blue colour, and poisonous, 
it is used in medicine and painting. 

Brass consists of about 30 parts of zinc^aod 70 of copper. 
Cofiper is sometimes externally converted into brass by ex- 
posure, when at a red heat, to the vapour of zinc. The 
gold wire of Lyons is manu^tured from copper bars pre- 
pared in this manner. Gun metal consists of 90 parts of 
copper and 10 of tin. Bell metal contains a larger propor- 
tion of tin. Bronze consists of 91 parts of copper, 2 of tin, 
6 of zinc, and i of lead. The brass of the ancients was copper 
and tin. 

LEAD. 
Symbol, Pb ; JSquiikdent, loj. 

Lead is a bluish-white metal, having great lustre ; on 
exposure to the aii* it becomes dull, owing to its absorption 
of oxygen ; this thin film protects the metal fix>m farther 
oxidation. It is very malleable ; but has little ductility and 
tenacity. The specific gravity of lead is 11* 35* Lead 
melts at 600° ; at a white heat it boils and volatilizes. The 
salts of lead are without colour, except the chromates ; they 
have a sweet taste, and are poisonous. When dean metallic 
lead is placed in pure water it becomes covered w^ith a thin 
film of the hydrated protoxide of lead, formed by the dis- 
solved oxygen of the water. This oomponnd is slightly 
soluble in water. This deposit, however, is more frequently 
the carbonate in union with the hydrate of lead, and is a 
very insoluble compound, except in water containing free 



COt, which is mosdy the case. Bivei* and spriug waters 
almost always contain a little combined sulphuric acid» 
which forms a thin coating of the sulphate of lead, and 
protects the metal from farther action. If water were quite 
pure, the lead would in time be dissolved ; or if the water 
contain a large quantity of free carbonic acid, the water 
cannot be used with safety, the compound £)rmed being 
highly poisonous* 

Soluble lead salts give, with sulphuric and hydrochloric 
acid, a . white precipitate ; with hydrosulphuric acid, a 
black precipitate. 

White Lead, PbO,CO„ or (PhjOOg).— White lead id 
manufactured by placing sheets of lead in earthenware jars 
contaiuing acetic acid. These jars stand in rows upon 
manure or tan. The acetic acid converts the lead into an 
acetate, which is subsequently converted into the carbonate 
by the carbonic acid of the decomposing manure. The 
process occupies some days. White lead is extensively used 
in painting. 

MEROtJRY. 

Spmhol, Hg ; ^quivatentt loO* 

This metal, at ordinary temperatures, is a liquid ; at a 
temperature of 40° below zero, it congeals; at a tempera-^ 
ture of 662% it volatilizes. Mercury has a specific gravity 
of 12- 59. 

There are two oxides of mercury, and corresponding sul» 
phldes and chlorides^ — the suboxide^ Hg«0, and the pro^ 
toxidcj or red precipitatOi HgO* 

Calomel, HgaOii-^-This is A white cJbystalline body,' Inso- 
luble in wat«r. It is very useful in medicine* Calomel may 
be prepared by subliming a mixture of sulphate of the 
protoxide of mercury, free mercury, and common salt :— 

• HgO,S03 + Hg + NaCl = NaO,SOa + Hg.Cl ; or, 
(Hg,S04 + Hg + NaCl = Na,S04 + Hg.Cl). 

Chrrosive Sublimate, HgCl, is of a white colour. This 

b2 
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salt is solable in water, to which it communicates a s wees 
metallic taste« With albamen, it forms a white insolable 
precipitate. It is a powerful poison. White of egg is the 
best antidote. 

•Corrosive sublimate is prepared by subliming a mixtiice 
of the sulphate of the protoxide of mercury with the chloride 
of sodium :— 

HgO,SO, + NaCl = NaO,SO, + HgO ; of, 
(Hg,S04 + NaCl = Na,S04 + HgCl). 

Mercury combines with great facility with gold, silver, 
zinc^ tin, lead and bismuth, Arming alloys called amalgams. 
Mercury is employed to extract gold and silver from their 
ores; and for gilding, plating, and looking-glasses. It is 
also used for thermometers and barometers. 

SILVER. 

Symhol, Ag ; Equivalentt lod. 

This is a very white, brilliant-looking metal, having great 
lustre. It is ductile and malleable ; but not so much as 
copper. It has a specific gravity of lO* 5, and melts at a 
bright red heat. It does not readily oxidize in air, but 
nitric acid readily oxidizes and dissolves it. 

Soluble salts of silver are generally without colour ; but 
on exposure to the light they blacken. Hydrochloric acid 
and the soluble chlorides give a white precipitate with silver 
solutions, soluble in ammonia. 

Nitrate of silver is the lunar caustic of the surgeon. 

The silver used for coin and plate in this country consists 
of an alloy of silver and copper, fixed by law ,* 1 1 r parts 
of silver and 9 of copper is standard silver, and bears the 
Hall mark of the Goldsmiths' Company. In France three 
different standards are employed ; one for currency, one for 
plute, and one for ornaments. 
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PLATINUM. 
Sffmbolt Pt; EquivaleiUf 98*7. 

This metal was discovered in 1752, and called white 
gold. Specific gravity 21. It is of a ^eyish colour, v^ry 
difficult to fuse, and does not oxidize on exposure to air. 

Platinum can be foi^ged and welded like wrought iron. 
It is made into crucibles and stills for the chemist and gold 
tefiner. 

Deville has lately succeeded in fusing any quantity of 
platinum by employing the oxy hydrogen flame as the source 
of heat, in a furnace constructed of infusible non-conducting 
substances. 

GOLD. 

Sftnibd, An; JEquivaleni, 197* 

Gold is one of the most unalterable of the metals. It is very 
ductile and malleable, the thinnest gold leaf not exceed- 
ing the To-Vinr ^^ ^" ^^^^ ^° thickness. Specific gravity 
19*5. It dissolves in nitro- hydrochloric acid, producing 
thft terchlortde of gold, Au Ci,, which is thrown down as 
a red-purple precipitate, on adding protochloride of tin. 
Oxalic acid gives a brown precipitate. 

Gold coinage in this country consists of an alloy in which 
it 2 parts out of 24 are pure gold, and 2 parts of alloy. 
Good jewellery contains 1 8 parts out of the 24, and bears 
the mark of the Goldsmiths' Company. Jewellery with 
less than this proportion does not receive the mark. It not 
tin frequently happens that chains, rings, &c., sold as gold, 
do not contain more than 40 per cent, of the pure metal. 
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ORGANIC CHEMISTRY. 

The chief constituents of oi^ganic compounds are hydro* 
gen, oxygen, carbon, and nitrogen, occasionally associated 
with sulphur and phosphorus. These elements in infi« 
nitely variied proportions combine with one another and 
form innumerable compounds ; these compounds unite and 
form new combinations according to the laws of definite 
multiple and equivalent proportions. 

Complex organic bodies are of a very unstable character ; 
by a slight ina*case of temperature the carbon combines 
with the oxygen to form cad)onic acid, and the hydrogen 
with the nitrogen to form ammonia, and a high tempera- 
ture is attended with the destruction of organic compounds. 
This unstable character decreases with organic bodies of 
simpler composition till we arrive at compounds of con- 
siderable permanence. 

TYPES AKD THE LAW OF SUBSTITtmOK. 

Most elementary and compound bodies may be referred 
to one or other of several different groups or classes, each 
class being composed of members possessing a similar con- 
stitution, and formed according to a certain pattern or type^ 
Thus we may consider NaCl, HCl, HI, !PeI, &c. to belong 
to the same class or group, the simplest member of which 
is perhaps HCl, which may therefore be taken as the type 
of this particular class of bodies. 

There are /our types recognized by chemists, viz, : — the 
hydrogen type, the -hydrochloric acid type, the water type^ 
and the ammonia type. 

To the first class belong the metals and metalloids, and 
compound bodies acting as elements, as cyanogen (C^N), 
'^%l (C,H.), Phenyl (C«H.), &c. 
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To the second, or hydrochloric acid typet belong tlie 
hydrogen and metallic compounds of the chlorine group, 
and other bodies having a similar constitution. 

The third, or water type, comprises the metallic oxides, 
the oxygen acids, anhydrides, oxysalts, alcohols, ethers, 
&c. 

. The fourth class includes the metallic derivatives of ani'* 
tnonia, amines, nrea, &c. 

Common salt differs from HCl merely in containing 
Ka instead of H, in combination wiUi Ci. If we act upon 
Ka with HCl, the H is displaced, and the Na substituted 
for it, the result being common salt, NaCl. All cases of 
decomposition are merely examples of this displacement of 
one body, and the substitution for it, of another body. 

But, besides this kind of substitution, there is another 
which is more remarkable. It is found that a great num- 
ber of organic compounds containing H, may have that H 
displaced by CI, Br, I, without suffering any great change 
in their general chemical characters. By this means one, 
two, three equivalents of H may be displaced by one, two, 
three equivalents of Cf, I, or Br ; and even aU the H may 
thus be removed. For example: aniline, C^H^N, may 
have one equivalent of CI substituted for one of H, tJbe re^ 
suiting body chloraniline, C|,HeClN, very much resembling 
aniline itself. Dutch liquid, CACl,, may have its H suc- 
cessively displaced by O, yielding the following compounds : 
CACl,, C,H,C1,, C^HClj, C,C1.. Many bodies allow of 
their H being displaced by NO4, as nitronaphthaline, 
Cg)H7N04; nitrobenzole, C|aH5N04, binitronaphthaline, 
CmH8(N04)„ &c. By this means many new bodies have 
of late years been discovered by chemists, some of them 
possessing very interesting properties. 



190 liXKMeKTARY CHEMISTRY. 



ISOMERIC BOWES. 

In organic compounds we have frequent illostration of 
bodies having the same chemical composition, but differing 
in properties ; and, during the past few years, the number 
of these isomeric bodies has been greatly increased* 

The difference of properties is ascribed to the differing 
arrangement of the elements. Gum (CigHnOu), and cane 
sugar (CjaHiiOn) ; starch (C|JSioOio)» and cellulose f C^H,, 
Om), are examples of isomerism ; acetate of methyie and 
formic ether are isomeric. The former compound is thought 
to be made up of acetic acid and wood-spirit {CJ^fis + 
CgHgO = C^Ufi^), While the latter compound is similarly 
thought to be made up of formic acid and ether, CgHO, -f- 

NON-AZOTIZED BODIES. 

Starchy C|tHioO|o. — This substance is present in almost 
all vegetables ; it is most abundant in the cereals, peaS| 
beans, lentils, turnips, carrots, and potatoes. Tapioca^ 
sago, and arrowroot are varieties of starch extensively used 
as articles of diet. Starch. can be obtained by kneading 
under a stream of water on a sieve the pulp of potatoes. 
The starch passes through with the water and settles at 
the bottom of the vessel in the form of a white insoluble 
powder. When this process is applied to the meal of any 
of the cereals a tough, elastic substance remains, which is 
gluten, and the value of wheat and other grain as articles 
of food depends greatly on the quantity of gluten. Pure 
flour contains about ten per cent, and bran contains about 
fifteen per cent. When starch is mixed with water and 
heated to the boiling point, the granules burst^d form a 
gelatinous mass, which when dried in liiin lay^ forms a 
yellow horny substance, which again dissolves in boiling 
water. This is called amidin. 
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Iodine gives with very weak solations of starch a deep 
characteristic blue colour. Under the microscope starch 
granules vary in form according to the vegetable substance 
from which they were obtained. 

If a solution of starch be boiled with dilute sulphuric 
acid it is converted into dextrin^ a substance identical in 
composition with starch ; and if the boiling be continued 
for some time the dextrin is converted into glucose or grape 
sugar. 

CeUuhse^ — True cellulose is the material which encrusts 
the interior of the cells of vegetable substances ; it has the 
same composition as starch. 

Lignin is the basis of all woody fibre, and one of its 
purest forms is well-bleached flax. 

Of the several varieties of sagar the most important are 
cane sugar, glucose or grape sugar, diabetic sugar, sugar of 
milk, and amorphous sugar. 

Cane Sugary CigHnOu. — This is obtained from the juice 
of the sugar-cane, and on the Continent it is largely manu- 
factured from beetroot; and in the western parts of 
America it is obtained from the sap of the sugar maple. 
It is easily crystallized, and is very soluble in hot water, 
but insoluble in alcohol and ether. When heated it melts 
into a black syrup, which solidifies on cooling into an 
amorphous mass known as barley sugar. When «ine 
sugar is boiled with dilute sulphuric acid it is converted 
into grape sugar. 

Sugar, as an article of diet, is not nutritious ; its chief 
value depends on the support afforded by the carbon in 
keeping up the animal heat by respiration. 

(jararml, a dark brown substaece, obtained from cane 
sugar, is used for colouring spirits. It is Q^^JO^, 

Grape Sugar, Glucose, Diabetic Sugar, CjaHi^Ou. — This 
is the sweet principle of grapes, raisins, and most fruits, and 
a product, as we have seen, of the metamorphosis of starch 
and cane sugar. It may also be obtained from milk sugar 
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and woody fibie when either of these bodies is boiled 
for some time with dilate snlphnric acid ; the sohttiOD is 
then neutralized with chalky filtered, and evaporated. The 
theory of the change is, that' starch, C|tH,eO|o, takes up 
four equivalents of water, and produces CnHuOi^, or gln^ 
cose. By varying the quantity of water the same theory- 
may be applied to the other bodies. Glucose is less 
soluble in water than cane sugar, and not so sweet. It is 
found in considerable quantities in the urine of pers(Hi3 
afflicted with diabetes. 

Sugar of MUk^ 0„H|,0|fl. — ^This is obtained by evaporat- 
ing the whey of milk till it crystallizes. When pure it 
forms hard white crystals, soluble in water, but insoluble 
in ether or alcohol. The Tartars make an intoxicating 
liquor by the fermentation of mares' milk. Sugar of milk 
is used in preparing the little globules of homoeopathic 
medicines. 

Amorphous Sugar, CicH,sO|c. — This may be obtained 
from the juices of vegetables and honey. 

In the bodies previously described we have several case^ 
of isomerism, and the oxygen and hydrogen usually exist 
in the pro]K)rtion8 necessary to form water^ The chief 
value of these substances as articles of food depends on 
their supplying those elements of respiration by which the 
animal heat is maintained* 
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Anvmd Albumen. — The serum of the blood and the 
white of egg are strong solutions of animal albumen. In 
its natuml state It is ^luble in cold water, and is easily 
coagulated by heat; it is also coagulated by acids, the 
ferrocyanide of potassium and several metallic salts. Al- 
bumen in its purest form always contains small quantities 
of phosphorus, sulphur, and alkaline phosphates. When 
<lri«l it becomes a yellow, transparent, homy, and brittle 
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substance, insoluble in cold water, bufc slightly soluble in 
boiUog water. One hundred parts of albumen have tlio 
following composition : — 

Carbon, 53*5; hydrogen, 7*0; nitrogen, 15*5; oxy- 
gen, 22*0; phosphorus, 0*4; sulphur, i'6 = loo'o. 

Vegetable Albumen, — The albuminous substances of tlie 
vegetable kingdom are regarded as the nutriment provided 
by nature for the support of animals. They have nearly 
the, same composition as animal albumen, and are i^igarded 
as the constituents out of which animal fibre and tissue are 
built up, and are called the plastic elements of nutrition, to 
distinguish them from the respiratory constituents of food. 
Animal Fibrin^ — This substance may be obtained by 
stirring fresh blood with a bundle of twigs, and well 
.washing in cold water, to remove the blood globules. It 
forms long, white, thread-like filaments, which attach 
themselves to the twigs. It is insoluble in hot and cold 
^vater. The muscles of animal bodies are composed of 
similar fibres, but not quite identical in composition with 
the fibrin obtained from bloqd. The soluble condition in 
which fibrin exists in the blood cannot be preserved; it is 
only known in its insoluble form. 

Vegetqble Fibrin, — This substance is Ibund in the juices of 
plants ; it is also found }u the seeds of the cereals. Glu- 
ten obtained from wheat fiour contains a considerable pro- 
portion of vegetable fibrin, associated with a nitrogenous 
body called gliadin. This substance is not present in the 
meal of oats and barley ; these yield no gluten, but fila- 
ments of pure vegetable fibrin. 

Animal Gaseine. — This substance is the coagulable por- 
tion of milk, and when prepared from well-skimmed milk 
is nearly pure. When casein e is taken in the form of food 
it yields albumen and fibrin, and from this substance the 
blood and muscle of young animals is formed. The de- 
composition of caseine is attended with the same products 
as the decomposition of albumen and fibrin. 

8 • 
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Vegetable Caseine. — To distingoish this substance from 
animfJ caseine it is sometimes called Ugumine, This sub- 
stance exists in almost all vegetables used as food, bat in 
the largest proportion in lentils, peas, beans, and other 
leguminous seeds. A vegetable cheese is made bj the 
Chinese from the caseine obtained from peas. 

Gekttine, — ^This substance is found in the skin, bones, 
tendons, horns, and hoofs of animals : it dissolves in hot 
watery forming glue, but it may be so purified as to 
resemble isinglass, and be used for jellies and soups. 
Dilute solutions of gelatine are precipitated by tannic acid, 
forming a kind of tannate of gelatine, or leather. It is 
largely employed in the arts; but as a nutritive article of 
' diet its value has been greatly over-estimated. Isinglass 
is nearly pure gelatine ; it is obtained from the swimming- 
bladder of the sturgeon ; it dissolves in warm water, and 
is sometimes used by brewers and wine-merchants to 
clarify their liquors. 

The azotized bodies previously described are analogous 
in their chemical composition. Vegetable albumen, fibrin, 
and caseine are almost identical with the same substances 
obtained from blood or milk. It is from these bodies that 
the viraste of muscular tissue and fibre is repaired. 

FERMENTATION. 

When a solution of grape sugar, to which is added a 
little yeast, or the saccharine juice of any plant, is exposed 
to a temperature of about 70°, carbonic acid rises to the 
surface, and in time the sweet taste disappears, and the 
solution is found to contain alcohol. The change may be 
expressed as follows: — Grape sugar contains C^Jii^fi^^ 
from which we obtain two equivalents of alcohol, four of 
carbonic acid, and two of water, — 

2(C,H,O0 = CaH., 0, 

4 C O, = C, O, 

2H0 ;=. H, O, 

C„ H,4 0,4- 
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The yeast or ferment which is added takes no part in the 
change, but acts merely by indadng it, and this change 
is called the vinous fermentation* An infusion of malt or 
the saccharine juice of fruits contains, besides sugar, scxne 
body containing nitrogen, which acts as a ferment ; but a 
pure solution of sugar will not ferment without the addi- 
tion of a little yeast. 

We have referred in a former page to compound or» 
ganic radicals, that is, compound bodies which enter into 
combination with, and behave like, elementary bodies, and 
perform, in fact, the part of elements. Some organic 
compounds act as metals, and form salts by combining with 
chlorine, iodine, bromine, sulphur, and cyanogen; they 
also combine with oxygen, and form compounds, having 
basic properties analogous to the metallic oxides. The fol* 
lowing are examples :— 



Basic Badlcato. 


Oxygen 
CompoondB. 


Chlorino 
Compounds. 


J'thyle 4 .O4 H5 :i Ae 
MeAyle. .0, H3 = Mt 
Ainyl . •OioHji =Ayl 


AeO 
MtO ' 
AylO 


AeOl 
MtOl 
AylOl 



Ether, or oande of ethyle (C4H5O = AeO), is obtained 
artificially by gently heating alcohol with sulphuric add, 
which removes an equivalent of water from the alcohol, 
which has the following composition: — C4H.O,; subtracting 
one equivalent of water we have C4H5O. The chloride, 
bromide, and iodide of ethyle may be prepared by saturat- 
ing alcohol with the vapour of either hydrochloric, hydro- 
bromic, or hydriodic acid gas, distilling the mixture in 
a vapour bath^ and collecting in a receiver kept cool with 
iced water. 
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VEGETABLE ACIDS. 

Acetic Acid, 0^0. + HO = AcOsjHO (Ac=C^H, = 
Acetyle). — This acid may be formed either by the oKidation 
of alcohol or the distillation of wood (pyroligoeoas acid). 
If fermented liqaoni are exposed to the atmosphere the 
alcohol they contain undergoes a change by the absorption 
of oxygen ; and if the exposure be continued a sufficient 
length of time, the alcohol Is changed into acetic acid, or ^ 
vinegar. The change may be represented as follows : — 

C,HA + O, :*= C,H303,3HO = Ac03,H0 + 2HO. 

Tartaric Acid, C8HAo,2HO = T,2H0. This is the 
flcid principle of grapes and several other fruits. The tar- 
taric acid of conmierce is obtained from argol, an impure 
tartrate of potash, which deposits itself as a crust in the 
interior of wine casks. This acid is employed in calico- 
printing ; it is used to evolve the chloine from bleaching- 
j>owder. 

Citric Acid, C„H,0„3,H0 = Ci, 3 HO.— This is the add 
principle of the lemon, lime, orange, and red currant. It 
is usually prepared by neutralizing lemon juice with chalk, 
by which process an insoluble citrate of lime is formed ; 
this is decomposed with dilute sulphuric acid. The solu- 
tion is then heated, filtered, and, on evaporation, crystals 
of citric acid are deposited. 

itfoZttJ Add, C804He,2HO = M,2H0. This is the acid 
principle of unripe apples and rhubarb. It is usually pre- 
pared from the berries of the mountain ash. 

Oxalic Acid, CA» HO, or HCA = H0,0.— This acid 
is usually found in the vegetable juices of several plants. 
It exists in the form of an oxalate of potash. It was for- 
merly obtained from a plant known as the oxalis acetosella, 
but it is now manufactured as an article of commerce by 
the action of nitric acid on sugar, starch, and some other 
organic compounds. This acid is very poisonous, and has 



been the eatue of mdtiy fatal accidents ftom its resemblance 
to Epsom salts. It is, however, easily distingaisbed from 
these salts by its sour taste. The best antidote is chalk 
administered in water; tills forms an inert oJmlate of lime. 
jTanntb Acid* — This acid exists in almost all vegetables : 
it is, however, most abundant in oak ba^, and in the fruit 
and stems of the sumach, and especially in nut galls, which 
are excrescences produced on the branches and leaves of the 
oak by the puncture of insects. Tea contains from 8 to 
10 per cent, of tannic acid, to which it imparts a strong 
astringent quality. Tannic acid unites with the gelatine or 
skins of animals, and forms an insoluble compound ; and 
this is the principle practically applied in the manufacture 
of leather, and which Is effected by steeping the skins for a 
long time in an aqueous solution of oak bark* 

VEGETABLE BASES. 

^ Morphia, Morphine* — Opium is the dried juice of a cer* 
tain species of poppy, and morphine is its chief active prin^ 
ciple. It exists in opium in combination with meconic 
acid ; it is powerfully narcotic and poisonous* It crystal- 
lizes in small colourless prisms, which have the following 
composition :— Cg* H|, NO^ + 2H0. 

Quinine and Cinchonine, — The medicinal properties of 
Peruvian bark are due to these substances* Quinine is a 
white crys^llized body of an intensely bitter taste. It is a 
viUuable medicinal agent, and is administered in the form of 
a sulphate ; a peculiar acid, known as kinic acid, and sul- 
phuric, acid, exist in combination with these alkalies in 
Peruvian bark. Cinchonine and quinine are analogous in 
composition : C^^ H^ N^ Og. 

Strychnia and i?rucw.— These substances are obtained 
from a variety of plants belonging to the genus strychnos, 
and especially from the berries of the nux vomica* They 
are among the- most powerful of vegetable poisons; their 
influence seems to be exerted principally on the nerves and 

8 2 
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spinal cord, prddncing violent spasms, which increase in In- 
tensity until death* According to Messrs. Nicholson and 
Abel, strychnine has the following composition, C41 H^ K,Og» 
Among other important vegetable alkalies may be men- 
tioned nicotine^ the poisonous principle of tobacco ; aconitinej 
extracted from monkshood ; coneine^ prepared from hem- 
lock ; veratniief from the hellebore ; hyoscyammy from 
henbane ; all these are violent poisons, scarcely inferior to 
strychnine. Among the less injurious vegetable alkalies 
may be mentioned emeUne^ the medicinal principle of ipe- 
cacuanha ; pxperim^ extracted from black pepper ; caffeine 
and theine^ the active principle of coffee and tea, 

OILS AND FATS. 

Oils and fats, whether of animal or vegetable origin, 
belong to the same general class of organic compounds, and 
with the exception of the volatile oils, are analogous in their 
chemical properties. The general distinction between oils 
and fats is, that the former are Ijguids at ordinary tempera- 
tures, and the latter are solids. Tne natural fixed oils and &tts 
are chiefly neutral compounds formed by the union of either 
oleic^ margaric, or stearic acid with glycerine. Thus oleine, 
margarine, and stearine are compounds of glycerine with a 
fatty add* These fats and oils are never found by them- 
selve8« Suet consists of stearine, oleine, and margarine ; 
lard and human fat, of margarine and oleine. They are all 
saponified, by boiling with potash or soda, which unite with 
the fatty acids to ^rm soaps, while the glycerine unites 
with the water, and is carried off as a waste product. The 
ckansing properties of soap are due to the alkaline consti- 
tuents. 

An alkali used alone would act more powerfully as a 
cleansing agent than soap, but it would tend to the de- 
struction of the fibre and the removal of the colour of dyed 
fabrics. 

Washing powders are merely caustic alkalies ; they faci- 
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litatse washing by providing an excess of alkali, and precipi- 
tating the linie present in hard water, but in excess they 
tend to injure the fabrics, and occasion them to shrink. 
These powders ought never to be used for blankets or 
woollen articles. 

OEGANIC COLOUBING MATTEBS. 

With the exception of cochineal, all the organic colouring 
principles are of vegetable origin. 

Blue, — The most important of the blue dyes is indigo» 
which is obtained from seveml species of American and 
Asiatic plants. The juice of these plants is colourless, bi^t 
when their leaves are digested in water and allowed to fer- 
ment, a yellow substance is dissolved out, which on expo- 
sure to the air becomes blue, and is deposited in the 
form of a thick sediment. This washed and diied forms 
the indigo of commerce, which is usually very impure^ 
containing more than half its weight of foreign substances* 

It is insoluble in every liquid, except sulphuric acid, 
with which it forms a compound soluble in water. 
. Among other important blue dyes are litmus, archil, and 
cudbear. 

Bed Madder is the root of the plant ruhia tinctorum* 
Its most beautiful colouring constituents are madder red, 
madder purple, and orange. Turkey red is not a natural 
product, but is obtained by the action of sulphuric acid on 
the root. Other substances of this class are Brazil woodt 
safflower^ sandal-wo<;^ and cochineal. The last is a dried 
species of insect which lives upon the cacti of South Ame- 
rica and other warm countries. 

YelhxiD.-f—HhQ most valuable dyes of this class are fustic, 
and turmeric, the root of an East Indian plant. 

Green, — Chlorophyle is the name given to the green 
colouring principle of plants. It, exists in very minute 
quantities, and is obtained in a state of pui'ity with great 
difficulty. 
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CYANOGEN. 

Perhaps the best illustration of a compotind mdical ib 
cyanogen, which is a compound of carbon and nitrogen, 
QaN a Cy ; and as this compoand acts exactly like a 
metal, it is represented by the symbol Cy. 

When animal refuse is heated with carbonate of potash 
in closed iron vessels, cyanogen gas is erolved, which 
enters into combination at a high temperature with the 
potasmum of the carbonate of potash, forming a salt known 
as the cyanide of potassium (KCy). This salt is very 
unstable, and is decomposed by water ; it is therefore neces- 
sary to convert it into a more stable compound, which is 
effected by the addition of sulphide of iron. The iron is 
dissolved by the aqueous solution of cyanide of potassium, 
forming cyanide of iron (FeCy), and sulphide of potassium 
(KS). The elements of the cyanide of iron unite with the 
cyanide of potassium, and form a very permanent salt 
known as the yellow prussiate of potash, or the ferrocy^^ 
anide of potassium, K,FeCya+ 3HO or K,FeC«N, + 3HO. 
When a solution of this salt is added to a solution of any 
salt of the sesquiozide of iron, Prussian blue is formed. 

From the ferrocyanide of potassium all the other com- 
pounds of cyanogen and cyanogen itself may be prepared ; 
but the best method of preparing cyanogen gas is by heat- 
ing, in a small retort or test tube, the dried cyanide of 
mercury, and collecting the gas ner mercmy. It is 
colourless^ and has the peculiar odour of peach kernels, and 
bums with a beautiful purple flame fringed with yellow ; at a 
pressure of four atmospheres it is converted into a liquid. 

With hydrc^n, cyanogen forms hydrocyanic acid, HCy ; 
with oxygen and water it forms the following compounds : 
CyO,HO. CyA, 2HO. Cy,0„ 3HO. 

Cyanogen also combines with chlorine, and with sulphur 
it forms a new radical, which has the compositkm of 
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CySa sulphoct/anogen ; with the metals it forms salts, ana- 
logous to chlorides (KCy. FeCy. AgCy., <fec. KCl. FeCl. 
AgCl, &6.), and acts precisely the isame part in forming 
compounds as a simple radical. 

Hydrocyanic Acid, HCy, prossic acid. — This acid is 
remarkable for its poisonous properties. It may be ob- 
tained by distilling the cyanide, of potassium with dilute 
sulphuric acid, KCy + HSO^ = KSO4 + HCy. In its 
pure state it is d colourless transparent liquid, having a very 
feeble acid reaction ; it is extremely volatile, and if a drop 
be allowed to fall on a piece of glass^ a part of the dcid 
will be frozen by its evaporation. 

Cyanic Add, CyO, HO, is a highly volatile liquid ; it ia 
difficult to keep in its unaltered condition. The salts are 
called cyanates. 

Fulmimc Acid, CyA. 2HO = Cy^O^, H,.— This acid is 
not known in its separate state. In combination with the 
metals it forms a class of salts known as fulminate, since 
they easily explode. The fulminate of mercury, aHg^O, 
C4N,0f, is a most dangerous compound ; it explodes vio- 
lently with the slightest friction, and sometimes sponta- 
neously. The detonating shells thrown under the carriage 
of Napoleon III., in 1858, were filled with this salt. 
It is used with powder in the manu&ctare of percussion- 
caps. 



,* 
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QunmoKB gitfen at the Examination for CertifieaUg in 
Chemistry, held at the South Kensington Muaeum in 
November 1859. 

[Thioe hoots aJlowed &x this Paper.] 



iNORGAKic . chemistry- 
Section I* 

I. Describe the tumal proceBses for the preparation of 

oxygen gas. 
a. Give an oatline of the chemical processes involved in 

the manufacture of sulphnric acid. 
3. Describe the action of sulphur upon the alkaline car^ 

bcmates at a high temperature, and the deportment 

of the resulting products under the influence of atmo* 

spheric air. 

Section n. 

1. Give an outline of the process of combustion. 

2. Describe the manufacture of carbonate of soda. 
3* A salt has been found to contain in 100 parts— 

17*1 Calcium* 

25*5 Phosphorus. 

I '7 Hydrogen. 

547 Oxygen. 

I do Salt. 

What is the formula of the salt ? Give the details of 

calculation. 
The following equivalents to be used : — 

Calcium • • • . 20 

Phosphorus. . . . 31 

Hydrogen . . . . i 

Oxygen .... 8 
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Solution. 

Dividing the quantity of each element by its equivalent, 
we obtain numbers expressing the proportion of the equi- 
valents in the compound : — 



i7'i 
20 


-= 


•855 eqs. 


of Ca. 


26-5 
31 


= 


•855 


» 


P. 


1-7 


= 


1-7 


» 


H. 


54'7 


=s 


6-837 


» 


0. 



Dividing each of these quotients by the number of 
equivalents of H (1*7) we obtained the number of equiva- 
lents of each element, tmited with i eq. of H. 

— ^ = '5 eqs, of Ca. 
1*7 ^ ^ 



-855 


«« 


•5 


)) 


P. 


1-7 










»•? 


= 


I 


>• 


H. 


»'7 


• 








6-837 
i"7 


• 


4 


>» 


0. 



Doubling these quotients to get rid of fractional parts of 
equivalents^ we find the salt to be composed of — 

I eq. Ca; x eq. P; 2 eqs. H; 8 eqs. 0;- 

and is therefore, CaPH ,0, " CaO,2HO,PO„ or C^HaPO., 
The above operations may be combined in one, as 
follows :— 

' == -4-7- = • 5 Ca or Cai. 



20 X 1*7 34 
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26*5 a6'5 _ _, 

^ — = i = ' 5 P or p.. 

31 X 1*7 52*7 ^ 

—^ — = ^ = I H or Ho. 
I X 1*7 1*7 

-m, =5q= ooro.. 

• , 8 X i'7 13-6 ^ 

Section III. 

I. Describe the method of separating baiyta, strontia, and 
lime. 

a. Give the fonnula of ammonia, its percentage composi- 
tion, by weight and by volume, 

3, Give the chemical history of the phosphoric acids, and 
ihdr compounds. 

gBCTIONlV, 

1. How is magnesia separated from the alkalies? 

2. What is meant by the term hardmss when applied lo 

water ? Distinguish the different kinds of hardness 
in water, and describe a. practical method of deter- 
mining it. 

3. Give a brief outline of the chemical history of chlorine 

and its principal compounds. 



PRAOTIOAL EXAMINATIOl^ IN ANALYSIS. 

Seven hours allowed. « 

1 . QualiU^tive analysis of a mixture consisting of two acids 

and two bases soluble in water or acids. 

2. Qualitative analysis of a mixture consisting of two adds 

and two bases partly or entirely iosoiuble in water 
and acids. 

3. Qualitative analysis of more complicated mixtures. 
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ORGANIC CHEMISTRY. 
Three hours allowed for this Paper, 

Section I. \ 

1 . Describe the process for preparing jcyanogen. 

2. Describe the method of preparing hydrocyanic acid, 

and the transformation wbich it undeigoes in the 
presence of acids and alkalies. 

3. Give an outline of the chemical history of the ferrocy- 

anijdes and ferricyanides. State tii^r use in distin- 
guishing the tiYO classes of iron salts. 

Section II. 

1. State the formula of cane sugar and glucose (grape 

sugar), and give the equations representing their 
changb during the process of fei*mentation. 

2. Describe the successive changes which starch undergoes 

in i^ transformation, first into alcohol, and lastly 
into:acetic acid. • 

3. Give a sketch of the alcohols and homologues, of the 

. aldehydes^ and of tlie acids corresponding to. theip, 

Skction III. 

1. Describe the process of etherification. 

2. Give a short sketch of the fatty bodies, and of the 

process of saponification. 

3. Describe the rention in which alcohols,- either simple or 

compound, and anhydrides, simple and compound, 
stand to wftter. Illustrate each of these groups by 
ft f^ntinla. 
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Sbction IV. 

1. Describe one of the processes for determining the 

equivalent of an organic add. 

2. Give an outline of the method of determining the vapour 

density of an organic body. 

3. An organic base has been found to consist of — 

CSarbon .... 77'42 
Hydrogen . . . 7*53 

Nitrogen. . . . iyd$ 

mmmmmmmtmmmt 

lOO'OO 

The platinum salt of the base contains 32*99 per cent. 

of platinum. 
What is the formula of the base ? Give the details 

of calculation. 
The following equivalents to be used :^- 

Cai'bon • • • • '6*0 



iHydrogen • 
Nitrogen . 
Chlorine • 
Platinum • 



I'O 

14*0 

35-5 
987 



ScitUion. 

Divide each quantity by each equivalent respectively : — 

77*4-2 

" S^ = 12*903 eqs. C. 

J-j^ « 7-53 eqs. H. 

^ — i = J '075 eqs. is. 

Dividing these quotients by the number of eqs. of N., 
(because this is the element which has the lowest numb^ 
of equivalents in the compound) we obtain — 



FOR CERTIFiCATfiS, KOVEHfiEB 1859. 207 

2Z2 s= 12 eqs. of C. , 

. 1*075 

7'53 ^ . tr 

1-075 ' 

The empirical formula is therefore, 0,, Hy N. 

The rational formula, or the formula expressing one 
equivalent of the compound depends on the quantity re- 
quired to form the double chloride with platinum, and will 
either coincide with the above or be some multiple of it. j 

Formulae of platinum salts : — 
Doable chloride of potassium and platinum = KCl,PtC]a 

„ „ ammonium „ asNH^CljPtClf 

or NH,HCl,PtCI, 

,Now the compound formed by the base in question 
with Ha will be, a:(C,^,N),HCl, and the double salt 
with platinum, a?(C|,H,N),HCI,PtCl,. Now in 100 parts 
of this compound there are 32 ' 99 of platinum ; it is easy* 
to find the equivalent, therefore, of ^e platinum salt by 
the following proportion : — 

Pt. Pt. 

32*99 : 98*7 :: 100 : 299*3 

" The 299*2 parts contain i eq. Pt.CI„ i eq, HCl, and 
wand I eq. of the base. 

Eq. PtClg = 987 + 71 = 1697 
Eq. HCl = 36-5 
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I>edacting this from 299*2, we obtain the equivalent of 
the baaei viz, 299*2 — 2o$'2 s 93* 
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This coiT<jSpouds with the empirical formula previou^ilj 
found, for — 

C,. = 72 
H, = 7 

N = 14 

93 
Aucl tlierefore the empirical formula is also here the 
rational formula, viz. — 



C„H,N, or H In 
C„H.j 



phenylamnei or amline» 
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Questions given at the ExaminaMon for Certiflcaies in 
Cffiemistry, held at the South Kensington Mu$eum^ in 
Ncoember 1860. 

[Three hours allowed for this Paper.] 



INORGANIC CHEMISTRY. 

Section I. 

1 . Describe the preparation, propertie?, and the com- 

position by weight and volume, of nitric oxide. 

2. Give an outline of the manafactore of coal gas. 

3. Give the composition of the atmosphere and describe 

the methods employed in determining its constituents. 

Section n. 

1 . State the composition of gunpowder, and expkiti the 

reaction which takes place during its combustion. 

2. Give an outline of the theory of bleaching. 

3* A mineral has been found to contain in 100 parts :-^ 
Sodium , • . 8-73 
Aluminium . . . 10*39 
Silicinm . • . 32*32 
Oxygen * . • 48*56 

lOO'OO 



Whdt is theildhntila of the mitiemt ? The Mowing 
Isquivalents to be used :-^ 

HydrogeU .Ail 

Oxygen . » & * 8 

Siliciuin ; ; ; ; 21*3 

! Sodium ; . . •23 

Aluminium . ; • I37 

tSive the detaib of calculation. 

t2 
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Solution. 

Divide the quantity of each element bj its eqniva- 
lent: — 

8*71 

— ^ = *%B eqs. of Ca. 

-^^^ =. -758 . Al. 
'3 7 

^ = 6-07 „ Q. 

Dividing each of these resnits by * 38 (the number of eqii. 
of Ca) we obtain 

•28 '7^8 

-~- = I eq. Ca. -— = 2 eqs. Al. 

•38 ^ -jS ^ 

1 * '517 6o"7 

-^« 4eqs.«i. -^•= i6€qs.O. 

Therefore the compound contains Ca Al, Su 0|,, and its 
composition is CitO, SiO, + AlgO;, 3SiO,» 

Section III. 

1 . Give die composition and the proration of chloric 

and perchloric acids. " • 

2. Desaibe the course of analysis followed in tases of 

poisoning by arsenic. » 

3. Give an outline of the doctrine of chemical equiva- 

lents. 

Sbctiox IV, 

• ... « . 

I. How is fluorme detected in the presence of silicates ? 
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2. Give an outline of the manufacture of white lead. 

3. Name the more frequently occurring mineral com- 

pounds which, are insoluble both in water and 
acids, and describe the process of rendering them 
soluble for analysis. 

PRACTICAL EXAmNATION IN ANALYSIS. 

1 . Qualitative analysis of a mixture consisting of two 

acids and two bases soluble in water or acids. 

2. Qualitative analysis of a mixture consisting of two 

acids and two bases partly or entirely insoluble in 
water and acids. 
3* Qualitative analysis of more complex mixtui^. 
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ORGANIC CHEMISTRY. 

[Three honxs allowed for this Paper.] 
Section I. 

1. Desciibe the several methods of ascertaining the 

ptesenoe of hydrocyanic acid« 

2. Give the method of preparing folminate oi toeaccary^ 

and explain the constitation of this eompooiid. 

3. Giye an oatline. of the chemical processes i&Tolyed 

in the nutrition of plants. 

Section U. 

1 . Describe the method of preparing iodide of ethyL 

2. Give an outline of the preparation, properties, and 

decompositions of urea. 

3. Describe Gay Lussac's method of determining va- 

pour densities, and develop the general formula : 
D = Density of vapour, 
p = Amount of substance employed. 
V = Volume of vapour observed in cubic centimetres< 
t** = Temperature observed, 
B = Barometer normal, 
b = Barometer observed, 
h = Suspended mercury-column* 
a = Weight of i cubic centimetre of aii". 
e == Coefficient of expansion of air; 

SdliUumi 

It is not intended to enter into the details of Gay 
Lussac's method of ascertaining the density of the vapour of 
a volatile liquid ; but, in order to render th^ following for- 
mula intelligible^ a brief outline of the procto is necessary. 

A graduated glass receiver is filled with merctuy and 
-— T^4-ted in a v^sel containing the same fluid. A fe^ 
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small and very tbin glass globes, filled witb a known 
weight of the volatile liquid, are passed through the 
mercuiy to the top of the receiver. By appropriate means, 
beat is applied to the glass receiver, when the glass 
globules, burst, and the volatile liquid becomes converted 
into vapour, which by its elasticity expels a portion of tho 
mercury from the receiver. The volume of the vapout 
is then read off, and the height of the mercury column in 
the glass receiver also observed. It is evident that sa the 
pressure exerted by the vapour, together with the column 
of mercury in the receiver, balances the atmospheric pres- 
sure, that therefore the true pressure exerted by the 
vapour alone is equal to the atmospheric pressure, miniLS 
the height of the suspended mercury. By noting the 
temperature at which the liquid was converted into vapour, 
and also the barometric pressure at the time of the experi- 
ment, the density of the vapour may be ascertained accord- 
ing to the following formula :— ^ 

Weight of I c. c. vapotsur, at observed temperature and 

P 
pressure = ^. 

Baiio of weights of equal bulks of vapour at V^ and o^ 
= I : I -1- et. 
. • • Weight of 1 c. c. vapour at o** =s 

I : i+et :: l.^P(^+iO. 

V V 

True pressure of vapour = b— h. 

The weights of equal volumes of vapour are to one 
another as &eir pressures. 

. • . Weight of I c. c. vapour at o° and barometer B 

/u 1 \ n P (i + et) 
*= (b — h) : B : : "^ - ^ 

• B p (i + et) 

b-h ^ V 
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Weight of I. c. c. fiir at o^ and l;ar. B =3 a. 
. D « B,p,(i+et) . t / ^ • -JI- 

Or, the same result may be obtained as follows : — 

V 
Volume of vapour at 0° = i + et : i : : V a 



X + et 

Correcting this for barometric pressure — 

True pressure of vapour = b— h. 
Volume of vapour at o^ and bar, B = B : fb — h) 

V V (b - h) 






I + et B (i + et) 

«r • 1.^ f . V (b - h) p.B. (i + et) 

We.gl.tofi.c.c. = p^g-^-^= V(b-h) 

Weight of r. c. c. air at o^ and bar. B. = a. 

. • . D = ' ^' \ r^as before. 

V. a. (b — h) 

Section III. 

X. Give a sketch of the chief processes by which acetic 
acid is obtained. 

2. Describe the products whidi are formed by the 

action of sulphuric acid upon alcohol. 

3. Give examples of diatoniiic and triatomlc alcohols; 

describe their preparation and their chemical cha- 
racters. 

Section IV. 

1. Give an outline of the process of manufacturing 

stearic candles. 

2. Describe the several methods of determining the 

nitrogen in organic compounds. 

3. Give an ouUme of the classification of the derivatives 

of ammonia. 
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QuESTiOKS given at the Examination cf Pujnla in Science 
Olassea and Bchoddy in May 1861. 



INORGANIC CHEMISTRY. 

General Instruotionb. 

Three honrs are allowed for this paper. 

Ton are only permitted to attempt eight questions. ' 

You may select your questions from Series I., or from 
Series II., or from both. 

The yahie attached to the correct answer of each ques- 
tion in Series I. is 8 ; and those in Series II. is 12*5. 

N.B. — ^A frdi and exact answer will in all cases gain 
more marks than an inexact or incomplete answer ; though 
in the former tase the question may be the more easy of 
the two and have less marks attached to it. 



Series I. 

I* Desm'ibe the preparation of oxygen by means of 
binoxide of manganese and sulphuric acid. Re- 
present the reaction by a diagram. 

2. What is the difference between a chemical com- 

pound and a mechanical mixture ? 

3. Describe the preparation and properties of ammonia. 

4. What takes place when a current of chlorine is 

passed through a solution of potash ? 

5. How is sulphuretted hydrogen prepared? What 

is the action of this gas upon a solution of nitrate 
of lead ? 

6. Give a definition of the terms add^ hase^ and salt, 
7« State the constituents of the atmosphere and the 

proportion by volume in which they are present. 
8, What is the meaning of the term hardness, applied 
to water ? 



216 EXAMINATION PAI»EB8 

Q. What is meant by the term alum ? • Give the 
fbrmulie of gome alums. 

10. Explain the action [of sulphuretted hydrogen upon 

a solution of sesquichloride of iron. 

1 1. What is the chemical difference between the several 

varieties of iron known as cast iron, wrought 
iron, and steel ? 

12. Describe the process of making lime, and explain 

the difference between quicklime and slaked Ihne. 

Series II, 

13. A compound of carbon and oxygen has been found 

to contain in 100 parts 27*3 of carbon and 'J2"j 
of oxygen. What is the chemical * formula of 
the compound ? 

Combining number of carbon ^ 6 
Combining number of oxygen » 8 
Give details of calculation. 

Solution^ 
Dividing these numbers respectively by the eqs, of C 

and O, we obtain — —^ 5= 4* 55 eqs. of C, and ' , ' 

=5 9 • I eqs. of O. These reducec^ become i eq. C and 
2 eqs. O, or CO^. 

k 

J4« The formula of nitric acid is HNO«« What is the 
composition of nitric acid in icx) parts? 
Combining number of hydrogen = i 
Combining number of oxygen = 8 . 

Combining number of niti'ogen = 14 
Give details of calculation. 

Solution. 

Equivalent of HNOe = I + 14 + 48 w 63 ; t. «., 
63 parts by weight of HNOe, contain i part of H, 14 of 
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N, and 48 of O. The percentage comix)sition of HNO^ 
may then be found hy the following simple proportion : — 

H. 
63 : 100 :: 



I 


: r59, or i-6 = i*, H. 


N. 


■ 


M 


: 22'22, or 22*2 = 221, N. 


0. 


♦ . * 


48 


: 76*19, or 76*2 = 761-, 0. 



I j« State the principal groups of the chemical elements 
and the characteristic terms of these groups. 

16. Describe a chemical process by which hydrogen » 

and one by which oxygen, may be prepared 
from water. 

17. State the composition of the several oxides of iron, 

and of some of the salts which they are capable 
of forming, 

18. State the ^composition of nitrons and nitric oxides 

by weight and vplume. 
• M9. Describe some of the processes which Are emplo^-ed 
for separating the metals ^m their oxides. 

20, Give the theory of the prooessearoTbleaching by expo* 
sure to air and by treatment with chloride of lime. 

2l« One volume of chlorine unites with i volume of 
hydrogen to h3rdroch]orlc acid, i volume of 
oxygen unites with 2 volumes of hydrogen to 
w^ter, 1 volume of • nitrogen* unites with 3 
volumes of hydrogen to ammonia. State the 
volumes of hydrochloric acid, water-vappuj, and 
ammonia thus produced, and the specific gi-avi- 
ties of these three compounds. 

Specific gravity of hydrogen ss 1 
Specific gravity of oxygen i= 16 
'. Specific gravity of nitrogen =14 
Specific gravity of chlorine = 35*5 

u 
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Solution^ ' • ■' 

I. I vol. H imites wi^U i vol. CI without jcoudensation, 
producing, therefore, 2 vols. HCL 

Weight of I vol. H, =. i 
Weight of I vol. CI = 3 5'5 

Weight of 2 vols. HCl = 36-5 
• • . Sp. gr, or weight of ) ¥ol. HC1= J ot^S'^ = 18-25. 

a. I vol. O unites with a vols« H, condensing -^^ 60 as 
to ibrmi therefore, 2 vols, steftm. 

^ Weight of i vols. H = 2 
Weight of I vol. O f= 1 6 

^ Wei|;ht of 2 vols. HO ^Ts 

. • • Sp, gr, water vap. = — ■ sf 9? . 

3, J vol N and 3 vols^ H ^n^te and ppiideaqe |,.so as 
to form ^ vols* HHji. . . * 

Weight of 1 vol. N »= 14 . ' ■ : 
Weight of 3 vols. H « 3 - 



Weight of ;> voli. NHg « 17 

•%Sp,gr. JJHg s:^ ,«: 6-5, 

22. Describe the composition of the phosphates as 

illustrations of the salts of nKAobasic, bibasic, and 
tribasic acids, 

23. Gfive an outUiiQ of the manufao^nre of solphuric 

acid. 

24. Qiye an outiine ^ th^ manufacture of carbonate of 

soda. 



J 
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ORGANIC CHEMISTRY. 



Gbnjbral Instoijctionsi 

Three hours are allowed for this paper. 

You are only permitted to attenapt eight questions. 

You may select your questions from Series I., or from 
Series II«, or ffoM both. 

The value attached to the correct nxiawet ot each qoes- 
tion in Series I. i« 8 ; and thoiie in Series 11. is 12*5. 

'NiB. — ^A full and exact answer ^vill in all cases gain 
more marks than an inexact or incolnplete answeif ; though 
in the former case the question may be the more easy of 
the two and have leds marks attached to it. 



*ri H I i iiM 



1 

Skuies 1. 

r: t< Wbiit i# the composition of oyan(^«n, aDdhoW;is 
• it prepared? 

2. Describe the method of making l)ydrocyaDic acid. 

3. Give aa^xH^lu^e- of detetmifiing tb» carbon and 

hydrogen in organic compounds. 

4. State the composition of marsh gas and the mode 

of preparing il. 

5. State the composition of olefiant gas and the mode 

of preparing it. 

6. What is meant by the term svhstUution ? Give 

some eicamples oF subBtitatioti. 

7. What is meant by the tei*m organic radical ? Give 

' some e:]campie9 of organic mdicals* 

8. GKve the ti«t^e» and kkmt^ of some of the 

simplest organic acidl« 



* -^ 
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Q. Give the names and formoke of some of die 
simplest oiganic bases. 

10. What becomes of oxalate of lime when it is 

heated? 

11. What is soap? 

12. State the nature of the green arsenical colour 

which is used in the manufitcture of })ai>er- 
liangings. 

Series II. 

13. Describe the process of alcoholic fermentation. 

1 4. Describe the process of acetification. 

15. Describe the process of etherification. 

ID. State the preparation, the composition, the- pro- 
perties} and the principal decompositions of 
oxalic acid. 

1 7. Describe the method of preparing aniline. 

18. Give some examples of alcohols homologous with 

ethylic alcohol, and also of the acids, hydrated 
and anhydrous, and of the ethers, simple, mixed, 
and compound, belonging to them. 

19. Give some examples of oiganic bases, and explain 

the relation in which these substances stand to 

• • * ' 

ammonia. 

20. A substance contains in iCo parts,'-' 

Carbon . . . 38*7 

Hydrogen . . 16*2 

. . Kitrogen . . . 45*1 

lOO'O 

What is the formula of the compound ? 

Combining number of carbon « 6 

Combining number of hydrogen » i 

Combining number of nitrogea *" 14 

Give details of calculation. 
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SoliUion. 
Divide the quantity of each element by itseq. 

• i^ sr 5*45eqs. C. 

***^ r XT 

= io*2 eqs. H. 

' -LLl- *i 5»2i eqs. N, 
14 - 
. These numbers ^how the proportion of the .equivalents 
df the elements in tlie compound. Tliey must now be re- 
duced to whole numbers. To do this. the easiest plan is 
to divide each number by the lowest number of equivalents 
expressed above, viz. 5'i2 eqs. N. 
dividing, then, by 3 • 22 we get-* 

,1 .,- 6/45 ' _, i$*2 „ 

—^ * 2 eqs. C; — — t- 5 eqs. H; 
3^22 * \ 3»il -^ ^ : 



3*22 



i I -V* ( 



; ;;* : Thfe compositibn' of the body is C^H^K, and it may ' 
bs't^f 6s|^tited as 5 p^ or metliybmine. 

,^3i.^ peBcrih^ ,the preparatiou of fulminate of mercoryi 
r'( > •', 9xA give the- comppsition of tlus compound. 
' ., ()2<.What i&. in09ut by the t^rm isormrism? Give 
.:• . . ; -eQipe example of isomerism. 
234 f)ea!Oribe the maijufeckire gf pitwsiate-of potash. 
2^,QiYfi «n outliA«i of the .process of saponification. 



t i 
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Questions given at the Examination for Certificates in 
Chemistry^ held at the South Kensington Museum^ in 
November 1861. 

[Three hours allowed for this Paper.] 



INORQANIC CHEMISTRY. 
* Section I, 

1. Describe the usual process for the preparation of . 

chlorine,] 

2. How is nickel separated from cobalt ? 

3. The formula usually adopted by chemists for felspar 

is KO,SiOs, + AlA, 3810,. In this formula 
K = 39, Al = 137, Si = 21,0 = 8. What is the 
formula of felspar if the following equivalents be 
taken: K = 39, Al=i3'7, Sis=28,Ossi6? 

Solution. 

Empirical formula of felspar «= KAl, Si^ 0»«, which Jje- 
comes (using the higher equivalent numbers for Si and 0,) 
KAC Si, Og. ISow, as potash, KO, and alumina, Alt O.,- 
become respectively KOi and AI, Of, it is very evident 
that tjie whole formula must be doubled, to do away with 
the half equivalents. It then stands thus, K, A!4 Si^ K3,e. 
Again, the formula for silicic add, SiOs, becomes Sif Of, 
and on removing the fractions, it will be seen tbat^Ae 
Si and O are united (using the higher equivalents) in the 
proportion of i eq. of Si and 2 eqs, of O, or SiO,. 
The formula K, AI4 Si, O,. may therefore be writteii^ 
K,0, AJA, 6SiO, or K,0,jSiO, + (Al,%0,.3SiO^ 
the compound being regarded as a tersilicate of potash 
combined with the silicate of alumina* 
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Section II. 

I. The epecific gravity of nitrogen, refi^n-ed to that of 
hydrogen as unity, is 14. What is the specific 
gravitv of ammonia referred to that of hydrogen as 
unity ? Give the method of calcdation. 

Hydrogen and nitrogen have the same combining 
volame, therefore the weights of their vdomes are in the 
ratio of their equivalents. 

Again, 3 vols, of H and i vol. of N combine, and con- 
dense into 2 vols, of ammonia, NH,. 



^Specific gravity of H 

ofN 



I 

.-.Specific gravity of NHa = ^ ^ '^ + . ^^ . ^ 12 = 8 • 5. 

2. Describe the method, of estimating nitrogen by 

volume. 

3. A salt has been found to contain in 100 parts : — 

Phosphorus . 
,:> .: . Magoesiuqn 

Nitrogen . . » 

HydoQ^n « . • 

.Oxyg/en . . . • 



I > ' « - 



12*65 

9-79 
571 • 

6-54 



lOO'OO 

What is the formula- of the salt? The following 
eqoivfljents to be osed i-^ . - . - . 

Hydrogen .... 1 
Oxygen 6 

.^ Kitrogen . . . • '4 

PUospborus . . . '31 
» . '! r Hagnefsiuai • . . .12 
Give details of calculation. 
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DtVHle tiie qtiantifcr of Moh elettiMit V ^^ e^iWi^nt^ 
' i— i 3? •40B eqs. of P,* "^ tti*^lS'e(jp^. of Mg. 

^^ = '408 eqs, of N; -^ = 6-54 eqs. of H; 

• . 1 ■ . " • ' 1 » 

^2J1 = 8-163 eqs.' of 0., . -V ■,• 

Diyiding these quotientailty •4©$*. : . -» f. -^ ; ^ ., ' 

Eq. of P' ^ 1408 ^ ^j.of Mg = :^ = 2. 

^ J -408 .' / '"408 

ftq. of N:^ -^ =.m; eq. of H; = — ^ = iff; ' 
' '408 ' . . . ' '40? , ' 

_ .^ '8-163 ^ -^ 

Eqs. of O = ^ = 20. ' •• ■ - 

The salt is fliBfeFor& Mgg -NPHu 0«o. ' ' ' 

The P ii Hotibtless in-the state 6f POj, tfo N in the 

form of NHia,iand the Mg as MgO* • ' ' f 
The formtdla may* therefore be repres<ihfed'iui'^*^ 

2MgO,NH,6,POs -f 12HO., or, Mg;NH„t»68'+ 12HO* 

. .1 J .i" .. ;! ;^Sj^ION IIL. ., .r ;..,,// 



♦■ • ! ! ; 



t/ Describe a process ijy'wItffch'pftlle'bJtyg^ gas may 
be prepared from atmospheric air.v ' ' 

2. Give an outline of the manufacture of bltric acid, 
and »tate the quantities of sulphur^ add ^HSO^), 
nitrfiifce of potassium (KNOg),- or nitrate' bf sodium 
(NaNOe), which are required ten pro^ldfe i lb. of 
nitric acid (HNOe); ., : 
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SoliUiotu 
H = i; = 8; N = 14; S = 14; K=39; Na = 23. 

Formula showiog the production of pitrie add :-» 






(1.) <{orVNO,-+ HSO, = HNO, 



If 

9) 



(Na) 
e+^orj SO,. 

' (Nal* (N^l 

(2.) |or pO, + 2HSO, = HNOe + < or VSO, + HSO,, 

In the first, sulphate of potash or soda is left in .the 
retort ; in the second, bisulphate of soda or potash is lefl;. 

According to the first formula 1 eq, of HSO4 is required 
for the decomposition of i eq. of NaNO, or KNOe- 

*Eq. of HSO4 = 49 
NaNO. = 77 
KNO. = 92 
HNOe = 63 

So that 49 parts by weight of USO4 will produce from 
If parts of NaNO,, or 93 parts of KNO,, 63 parts of 
HNOe* The quantities of each of these required for the 
]>roduction of i lb. of HNOg may be easily determined by 
propordon :-r*- '-> 

HNO,. HNO.. HSO,. HSO,. 
63 ; I . ;: 49. :. i?'4ozs, (avoirdupois.)* 

' . NaNOe. NaNOe. 

77 : I lb. 3*5 ozs. „ 

KNO.. KNO«. 

.93 : I lb. 7 '519 ozs. 

According to the second foryuila, these quantities 1^- 
main the same with the exception of HSO4, of which 
double the above quantity is employed, viz., 12*4 ozs. X 
2 «s I lb. 8'8'ozs.^ 
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3. -How niaiij volames of joxygen gas are required to 
born one Yolunie of marsh gas, apd ^e v^ame. of 
olefiimt gas : and ' how m^biy volume or csfrfx)nic 
aoid gpM aM pmdaoed by tkai^ c<9nbiuiioB? < 






Solution. 

By vblttm0 C, H4 id composed of 4 Vols. tif3aiA.2 vols. 
C vapour (hypothetical) condensed into 2 vols. ' « 

So that I vol. of C, H4 contains i vol. C vaptrtrtj'-fr 2 

Now CO, cottaJfls equal volumes of C vapottr ' (ilypo- 
tt^eiUcal) and of 0^ Therefore t voL C vapour requl^ 
I vol. P to unite with it so as to form x vol of ,C)P|. . ^ 
; 4gain, HO contains H find Jin proportion of 2 vols^ H 
to I vol. 0» . . , 

Therefore 2 vols. H require for complete combustion 

1 vol. o. ' ' : 

So that I vol. C, H^s Containing t vol. C and 2 vols. H, 
requires tUtogether 2 Vols. O ^or complete combustion, from 
which I vol. of CO, fe formed. 
, Again, CgHi is iSorti']io»ed, by voluiliej (rfi.4 VolsrC 
v&pourand 4 volsl H tonden^d jnto 2. Vols.' . *"- 

Bo ihat z voL G4'n4 oontaii^ a ydls« C vii|)our '-fr i! 

While the H then remains the same as in C, H4, jbks. 
volume of the C isrdo^bled, requifing twice; in much iQ^oin 

:vyolsu :. .;^ - * '. ^T i ' : :. - 1 " \'-^ 
''Quantity oif required by the 2 yols. H= i vol. 
So that the total Quantity of ' required is 1^ vols., of 

which '2 vols, combine Witt the C, forming 2 vols. CO,. 

• It • .1 

: Section IV. . 

{., XNccibe the ehj&mical tedotiona intolr^d jn, the eloh- 
' • • ingpfglAsSw- •;'•!- < .-^ - . .. 

x2f ^S^t^ the.$9c<Sesisioq'o£ proo^sses by jrhidi aluminlom 
may be extracted from alum shale.. • -^ - .'! 1 
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3. What is meant by the term disintegration? Give 
an outline of tlie several phases of the disintegra- 
tion of granite, 

•"'■'' • - ■ 

PBAOTIOAL EXAWaC^ATION IN ANALYglS. 

If Qualitative ap9lX3is of a ^l^^ure ^coosi^tinji^ o^ two 
acids and two bases soluble in water O^ ^ids. 
,, a« .Qi;^toljiy^ Ai^l^si^ pi « mi^^tpra co^i^ptiqg of two 
acids and two bases partly or entu*dj.,^soluble in 
^ . wftter apd ftoid^. . .. ' .,/ . 

3. Qualitative analysis of more complex mi|(,t|}r6S. 
State the method of examination in detail, and tabulate 
the result of the analysis, ^intlijg out par^ipularly the sub- 
stances of whidh traces only ha^e been fbuud. 



I ' > J ' •',.•. ' », ■ I. .,- ■ ' f " - ■ ' ' ! ■ ''■ i 



» • 
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ORGANIC CHEMISTRY. 

[Three houn allowed for this Paper.] 

-* SBtrriok I. 

1. What is the action of heat ttpon formiate o^ am- 

monium? 

2. Describe the ptocesses for transforming benzol into 

aniline. . . 

3. An organic acid has been'fband to contain in ico 

parts,— ' ^: 

Carbon . . . • 60*87 

Hydrogen *. . • 4-}5 

* Oxygen • '• . 3478 

lOO'OO 

The analysis of the silver salt of this acid has given tlie 
following result: 1*052 parts of the silver salt left 
upon ignition 0*4637 parts of metallic silver. What 
is the formula of the acid? Give details. of calcu- 
lation. 

Solution. 

Dividing by each equivalent we obtain the following 
quotients, expressing the proporticnate number of equiva- 
lents in the compound : 

_ ^_, 60*87 

E<]s. ofC = ■ ^ = 10*145. 

.. H = if5 = 4-35. 
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Dividing these quotient* by 4*35, we have 

Eq. of O fa I 
„ H = I 

Eqs. of C combined witFi 1 eq. of O or H = 2'33 

Multiplying these nunibers by 3, to clear of fractional 
parts, 

Eqs, of C = 7 

" o = 3 

The exnpiiica) foimuk la therefore C^ H. 0«. 

Again, i'6^2 i»rts of the silver salt yield '463 "7 parts 
of silvery the quantity of the salt necessary to yield 108 
parts or i eq. of Ag may be easily found by the following 
proportion :^- 

Ag- A^. Silver Salt. Silver Salt. 

•4637 : 108 :: 1*052 : 245 

This 245 is then the equivalent of the silver salt, and 
deducting the equivalent of AgO, 108 +8 = 116, we 
obtain*245~Ii6 is 129 for the equivalent of the diy acid 
or anhydnde. 

The reed acid will contain in addition HO, aiid its equi- 
valent will tlierefore be 129 + 9 = Ij8. 

Now the equivalent of the empirical formula, C, H, Og, 
given above, is 42 + 3 + 24 = 69, which is just half the 
reed equivalent 138. So tliat it is evident this formula 
Of Ht O, must be doubled so as to express one equivalent 
of the acid. It then becomes C^ H, O, or C|4 Ha Qb, HO* 

Section H, 

X» Describe the processes of traj^sfonning ferrocyanide 
of potassium respectively into urea and cyani^ric 
acid. 

2. State the preparation, the composition, the proper- 
ties, and the principal transformations of oxalic acid. 

X 
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3. A certain vacrietj of malt has been fotindfd contain 
10 per cent, of starch (Ci, Hw Ojo) and ao per 
' cent, of 8ug^ (0|s Hi, 0,t). Paaciibe tbe changes 
whioh stai;ch and ^n^r undergo daring their trans- 
formation into :acetic acid (C4 H^ O4), and state the 
quantity of malt r^ired n>r the prodaction of 100 
pounds of acetic acid, supposing the whole amount 
of starch and sugar to be coiliverted. 

Equation (i) expressing the change of sugar into al- 
cohol; 

(J.) 0,AAf « a(C4HA) + aOO^ 

. Equations (a, 3) ^p^si;:^ tbe cbang^ q( stf^vb ipto 

(2.) C„H,oO,o + 2HO = C.,HiA.: ^ 

(3.) C5„H..O,J = 2(C,HA) + 40C^ 

Equation (4) showing the conversion of alcohol into 
aee@cacid: 

(4.) C,tt,0. + 0, = C^HA + 2HO. 

It will be seen from these equations, that x eq. ^t^r 
prodi»i^ 3 e(]^ a}ooho) ; ao4 ^9 <^ <^« ftl^hol yi^m 1 eq. 
acetic acid, therefpi'e ixov^ i ^« &^gar 3.^^- of noetic 

.acidr »m fprrof4« ., Sin^'iWy^ .1 ^, starch produoi^s n eqs. 
acptio^cldv. '. J . 

NqW— r. , , * . 

Eq. sugar C,jHi,0|, « 7a + la +4)6,tt tgo* 

OEq.'stardi Ci»HioO,<; » 7 a 4. 10 + So » t6a 

Eq. acetic acid C4H^04 = 24 + 4 + 32 = 60 

2 eqs. „ „ ' = 60 + 2 = 120 

Therefore 180 lbs. sugar yield 120 lbs. acetic acid J and 
1 52 lbs. starch yield the same quantity. 

The quantity of starch in the malt is 10 per cent., and 
of sugar 20 per cent. 

Then by proportion, 
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starch. Starch. . A A 

162 : 10 :: I20 : 7Jf 

Srtgfl*. ; Sugar, 

180 ; 20, i: X20 ,; ,13^^ 

Total quantity of acetio aoid from 200 Ibss malt cts 74f 
+ iji ^ 586ff lbs.' ! • 

The quantity of malt necessaiy for the ' pHodmction of 
100 lbs. ace.tic aqkl can tlietit ^asHyrb^ found, by propor- 
tion; 

A. A. Malt. 

20|f : 100 :: 100 ' r 462-^ Ib^. of malt required. 



. .. '. ' Sectioit 111, 

1. Express in formdsB the tmntfoMafcloh df oxalic etheir - 

into oxamat of ethyl and oSamide. 

2. Describe the hiethbd of preparing the chlorides of 

thp acid-radicals, and their deportment under ijie 
' influence of water, alcohol, and ammonia. * 

3. In determining the vapour-density of an organic ctJtti* 

pound, actrprdifag to Dutnas's process, the lol]a\ting 
observations were recorded :. — \ 

Tempertltttrt of atr* . . 12'' C. 

Temperature of vapour . 1 52"^ C, 

Weight of gkss globe filled I ' ^ ; 

with the vapouf Wnw^f or ^ ' 

weight of globe filledh*38^,g^'^«^^^«- • /• ^ 
with air , . ; 

Capacity of globe '. . 2 $2 cubic centimetres. 

Barottleter * . ' . » 0762 metres. 

100 cuWc' €eiitun6tr!?9 of ait at o*^ C. und bair. 0*760 
, metire;^ weigh q* i 2^3 3* > What is .the vapouc-den- 

. sl^ A>t ^h« .conapoimd irefeifji^d, jtoj jiydrpgen 

unity? Give details of calculation. 



V r 
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Solution. 

1st. To find the weight of the air contained in the globes^ 
viz., 292 c c. at 12° C. and '760 m. 

Cb-dGcient of expansion of air for i^ a *00367. 

1. c. c. of air at o" becomes i + (•00367 x 12) = 
1*0440. c. at 12^. 

. • . 1*044 ^ ^« ** ^^^ ^ttced to 0° become 1 c. c. ~ 
and 292 c. c. at 1 2^, reduced to o^ bec9me 

292 . • -• ' . ' 

1*044 '^ ^^ 

Correcting for barometric pressure ; as the volumes of 
gases are inversely as the pressure, 279*694 c c. at a pres- 
sure of '762 m. become at '760 m.-^ " ' 

760 ^ 

Now 190. c. c. air at 0° and '760 m. weigb •12932 
grm. 

• *• 260*43 c. c. air at o^ and "760 m. weigh 

'1 2932 X 28o>43 .^f^^.^^ 
100 ..JO 

u e., the weight of air in globe = '3626 grm. 

2nd. To find the weight of substance in the state of 
vapour. 

As the globe and vapour » globe and air = '386 grm. 

^•. Weight of vapour = '386'+ •3626 = 7486 grm.' 

Hence 292 c. c. of vapour at 152° C. and •762 m. 
weigh 7486 grm. 

3rd. To reduce thip volume to 0° and 760 m. 

I. c. c. at 0° becomes i + ('00367 X 1 52) ss 1*55784 
at 152°, t. e., 1*55784 at 152% when cooled to o'', become 

ICC 
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. • . z^2 c. c. vapour at I53^ cooled to o° become — 

292 ' _ 

^•55784 ' ^ . - 

Correcting this for pressure, 1 87*44 at a pressure of 
•760 m, become ' ^^ - — 2.— = j87*9 c»c» whkh 

weigh •7486 grm. 

Weight, of ''X0€(* Ci c*> yapoitr* titt o* aftd. ^760 m a 
•7486 X 100 ^; 

* Weight of 1 00. c. c. ^r at 0*^ and •760 ni, . ^^ • 1 293a, ; 
• • . Density t)f vapottr ±: ^^ ^ ' ds t < 0807. 

Now the density of hydrogen coiapAH^d wltii ^ir la %& 
•0693 to I.. . . . 

Therefore, density of vapour referred to liydrogen as 
■: ««(5Sb7 ' ' ■ 



, I 



I. Give soi4^ eza«ipl€U» ^f^onoatiQipiCj diatomic, and 
triatothfc alcohols. , State their formulae, . 
''2r/D^s6rite a pfdc^ss ty which alcohol may be con- 
verted liito Propionic apid, and, acetic acid into 
glycolic acidj 
3. iPalpulate the quantities of binoxide of mati^nese a^jid 
"* ' ^hydriochloric acid wliich are necessary to convert, 
! , i^Teapefttiv^lycintQ/cUorpfoiTa i<\ H Cl^) and 45hIon( 
ride o^ carbon (C^ CIJ the quantity of marsh gas 
• . '«Vi)lv^ b/4an8 distflljfeott tof i lb. <if acetic j&d 
(Cf ■H4 P4), v^ith <a excess pf lime. . pivQ details of. 
•cftTculatibto. ^ 



X 2 
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-1 • 

Solutum, 

Eqnatioii (i) representiDg the resolation of acetic acid 
into marsh gas and carbonic acid : — 

(i.) C4HA = CfcH^ + aCO,. 

Equation (2) showing the nltiniate production of chlo- 
xoform from marsh gas: — . . 

(2.) C^4 + 6a = C.HCI, + 3HCI, 

Chloroform. - 

Equation (3) representing the ultimate couN'^rsion of 
marsh gas into perchloride of carbon : — 

(3.) C,H4 + 8C1 '« CjCU + 4HCh ... 

Equation (4) showing the liberation of CI from the 
action oi HCl on MnO« : — 

(4.) MnO, + 2Ha = Mna + 2HO + «. 

It will be seen from these equations -that i eq. acetic 
acid liberates i eq. marsh gas, which requires 6 eqff. cUo- 
rine for its conversion into chloroform ; 6 eqs. chlorine are 
formed from 6 eqs, MnOt and 1 2 eqs. HCl. 

Eq. acetic acid = 6p ; 6 eqs. ftfaO, = 43 • 6 X 5 = 
261*6; 

12 eqs. HCl « 36*5 X 12 = 438. 

Therefore the quantities of MnOt and of HCl requli^ 
for the conversion of the marsh gas evolved from 60 lbs. 
acetic acid are 261*6 lbs. MnO« and 438 lbs. HCl. 
. Dividing each of these by 60, we obtain, 

Quantit)r of MnO^ required to convert into Cg HCl, the 

261 *6 
marsh gas from i lb, acetic =2 ■■■ > ■ ■ = 4*36 lbs. MnO,. 

C2uantitj of HCl required to convert into C^HCl, the 

maish gas from i lb. aceiic =: ^- = 7'3 lbs, HCf. 
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AgaiD, as C^ H4 requires for its conversion into perchlo- 
ride of carbon 8 eqs. CI, (see equation 2), we obtain the 
quantities of MnOt and HCl necessary for the production 
of C, CI4 from the C, H^ evolved from lib of C4 H4 O4, by 
a very simple proportion :-— -- 

£q8.Gl. Eqs.GI. M&Oi. MnO^ 

6 : 8 :V 4*36 : 5 • 8 1 3 lbs. MnO, required. 

HOL 

6:8:: 7*3 . : 9*73 lbs. HCU required* * 



236 fiXAMUUTiON FAPER&I 



QVXBTIOKS givin ai Ae llxaminati0i of Fu^gnh in J^d^uce 
Classes and Schools, in May 1.862, 



INORG ANIC . CHEMISTRY, 

General iNSTRUcnoirt. 

Three liOttrs mfe allowed ?b^ th& paper. ' 

Tou are only permitted to attempt eight questions. 

Ton may select your questions from Series I., or from 
Series 11., or from both. 

The value attached to the correct answer of each ques- 
tion in Series I. is 8 ; and of each question in Series II. is 



1 2*5. 



-A full and exact answer will in all cases gain 
more marks than an inexact or incomplete answer ; though 
in the former case the question may be the more easy of 
the two and have less marks attached to it 



Series I. 

1, What methods are generally employed for the 
preparation of hydrogen ? Represent the reac* 
tions by diagrams or formulae. 

J. How is chlorine prepared? 

3. What is the action of nitric acid upon copper? 

4. What is the action of chorine upoii a solutioh of 

ammonia ? 

5. What is the composition of water by weight and 

by volume ? 

6. How is bleaching powder prepared ? 

7. Express the preparation of nitric add in formttlaB. 

8. What is the composition of the principal mitienll 

from which lead is obtained ? 
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9. The formula of oxide of silrer is AgO, the eqtiiva- 
lent of silver is 108, the equivalent of oxygen 
is 8« Bow many pounds of oxide of silver are 
necessary to 'make' 100 lbs. of oxygen ? 

Solution. 

Eq. oxide of silver AgO = xo8 + .8 = 116. 
From 1 16 lbs. AgO, 8 lbs. of O mil be obtained; 

O. O. AgQ. 

therefore by proportion 8:. 100 :: 116 : 1450 lbs. 
AgO required to make i do lbs. O. 

10. What is the source of hydrochloric acid, and how 

. isit prepared? 

11. On what principle does the hardening of mortars.. 

depend ? 

12. How is caustic potash prepared? 

Series II. 

13. How are barium, strontium, and calcium detected 

when mixed ? 

14. State the composition of the principal iron ores, 

and describe the process of extracting the iron 
from them. 

15. How are the manganates and permanganates pre-" 

pared? 
1 5. Describe the manu&cture of sesquioxide of chro- 
inium from chrome iron ore. 

17. How is chloric acid prepared? 

18. What is the composition of gunpowder, and what 

reaction takes place during its explosion ? 

19. How many compounds of phosphorus and hydro- 

gen are tiiere, and how are they obtained ? 

20. How are the oxides of nitrogen prepared ? 

21* How is hydrate of baryta procured from native 
carbonate and sulphate of baryta ? 
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2^t UoW are Mie cUoddea of merdtiry obtained? 
a3« A fofastatioe has b^n fovnd to eoDtaiii^^ ■. 

Arsenic , • . 6^*21 
Oxj-gen ... 34*78 

lOO'OO 

The oombining munber of ^rseofic U 7 5 . 
The combioing namber of oxygen is 8 
. What is its formula t 
Give details of calculation* 

Soktii&n» 

Divide the quantity, of oach element; present by its equi- 
valent! — 

-^— = -87 eqs. A^; ^^- = 4-347 eqs. O. 

> Thes9 numbers represent the proportion in eqUlvajie^ts 
in which the As and O are combined* It will be at once 
seen that the number of «quivaiwta of O Is 5 ymes.the 
number of eqd. of As; therefore the formilla of the com- 
pound is AsOj. 

# * , 

* ^. The formula of sulphate of copper is CuS044-5liO. 
What is its percentage oon^position t 

Combining number of copper s 31*5 

Combining number of sulphur c= 1 6 
*CombijQing number of oxygen 3= 8 
* Combining number of hydrogen » i 
Give details of calculation* ' : 

' . ■ . • 

CQliecting: the Wements together, i cq. snij^liate of 
copper contains*^ 
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I eq, Cu as 31*5 
I eq, S = 16 
9 eqp, 0^73. 
5 eqs, H = 5 



, • . eq. of sulphate of copper «= 124^5,' 



la I24'5' ?^^^9 *^®^i 0^ sulphate of copper therfe ai 
,r 5 of (;u, 16 oi S, 72 of O, and < of U, The quibtil 



are 
31-5 ot (;u, 16 of B, 72 of O, and 5 of H, The quitotity 
of each element in 100 parts may now be easily fourtd by 
the following proportion : — 

' On, . . 
124*5 : 100 :: 31*5 : 25*3 parts of Cu, 

16 ; 12-85 . „ S. 

0. 

73 : S7'8j ., p. 

' H 

5 : 4-02 „ H. 

lOO'OO 
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ORGANIC CHEMISTRY. 

Ge;nkra;. Inst&uctiox8« 

Three hours are allowed for this paper. 

You are only periqitted tp attempt eight qiiestions^ ' 

You may select your questions fix)ra Series I., or from 
•Series II;, or from both. ^ • 

The value attached to the correct answer of eacli ques- 
tion in Series I. is 8 ; and of each question in Series II. is 

I2'5. ^ - 

N.B. — ^A full and exact answer will in all cases gain 
moi^ marks than an inekact or incomplete answer ; though 
in the former case the question may be the more easy of 
the two and have less marks attached to it. 



Series L 

1. How is sulphocyanide of potassium prepared? 

2. What is the action of chlorine upon olefiant gas ? 

3. In what delation does aldehyde stand to alcohol and 

acetic acid ? 

4. Give examples of monobasic, bibasic, and tribasic 

organic acids. 

5. What is the action of nitric acid upon benzol ? 

o. What is meant by the term, series of &tty acids ? 

7. What is the action of excess of baryta on benzoic 

acid at a high temperature ? 

8. Describe the process for determining nitrogen by 

its conversion into ammonia. 
9« Describe the mode of manufacturing oxalic acid. 
10. Explain the manufacture of Prussian blue from yel- 
low prussiate of potash. 



I K, How i 
1 6. By wl 
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11. What are homglogous boclies? Give some ex- 

amples. 

1 2. State the nature of the ingredients of methylated 

spirit. 

Series II. 

13. What is the action- of heat and dehydrating agents 

on formiate of ammonium and acetate of am- 
^ monium ? 

1 4. What is the action of sohition of ammonia upon 

oxalic ether ? What is the constitution of the 
principal, product ? - 

1 J. How is chloride of acetyl prepajred ? 
rhat succession of processes may wood be con- 
verted into spirit of wine? 

ly. Describe the chemical processes involved in the 
brewing of beer.. 

1 8. How may we pass from the ethyl series to a mem- 
ber of the next higher series ? 

.19. Give an example of a diatomic alcohol, and what 
are the acids that may be derived from it ? 

20. Give an outline of the manufactiu'e of white lead. 

21. How is benzoic alcohol prepared? 

22. What is tlie action of chloride of benzoyl on dry 

carbonate of ammonium, and what is the consti- 
tution of the product ? 

2 J. A compound has been found to contain — 

Carbon . . 40*00 

Hydrogen , . 6'67 
Oxygen . . 53-33 

100*00 
What is its formula? 

Combining number of carbon . • i 
Combining number of hydrogen , i 
Combining number of oxygen , . 8 

Y 



Give 4«tail» of ealculatioii. 

Solution* 

Divide the quantity of each element present by its 
equivalent : — 

4^^ m €'(S6, or $1 ^s, of C, . 

6 • 67 

^ as 6*67, or 6; eqs.'of H* ^ 

5^ = 6-66, or $* eq«, of 0, . 

It will b^ fieeu. that the compound Qontaina an equal num- 
ber of equivalents of 0| £[, and O : its empirical formula then 
|« CmO, af)d therefore its real formuU cannot with cer- 
tainty be pointed out ; it may b^ CfH^Oy, or CaH,Og, or 
CiHA (acetic acid). 

24. What are simple, mived, and oompound ethers, 
and in what relation do Uiey aland to watec? 
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QuESTiOKS given at the Examinaiion ftn* Chrt'ifieaUs /tI 
Chemidty, 'hdd mt tM S<nM Kensington Museum, in 
Novem^ 1862. i 

[Three hourg allowed foj* tlus Paper,] 
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^ IKORGANIO CHftMlBtRT^ 

1 . Describe a chemical process hf which hyidrDgeD> apd' 

one by which oxygen may be prepared from water, 

2. Wliat is the action of chlorine upon hydrate of lime 

at the oonunon .temperature and at the temperature 
< .of Wling water? 

3. y volumes of sulphuretted hydrogen are decomposed 

by an excess of bsomine.: how many volitmes of 
hydrobromic acid are generated by this reaction ? 
State the mode of reasoning whereby the result has 

been arrived at. 

• 

• 1 vol Its cotitaltis i vol. H and -j- vol. S viJpotlr, as 
shown by the following calculation : — ■ 

Sp. gr. (or weight of i«v6].) HS = i'i77. 

Composition by weight ^16 parts iS 4- i part H. ^ 

I vol. .'. of HS contains 4. J- of its weight of S = ^f of 
ri77 = I-I08, . ,' ^ ^ 

and T^ of its weight of H = tV ^^ ^'^7 - •0^9' 

Now '069 is the sp. gr. of H, or Weight pf i vol. 

and I '108 is -} of the sp. gr. of S, or ^ the weight of 
I vol. S. 

.'- I vol. HS c^talifts I Vt}l. H dnd ^. vol. S vapour; 
Qodwhen' V v<>U AS f are 4e(aompo8ed> V vohu II ure 
liberated. 
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Again, H and Br nnite to HBr, in equal volomesy witboat 
condensation, which maj be shown in the same manner as 
above, or as follows :--^ • 

Sp. gr. Br vap. =s 5'Z9i 
„ H = -0695 

Weight of I vol. H + I vol. Br vap. 5*4625 

The sp. gr. HBr vap. being 2*73, it follows that the 
I vol. H and f vol. Br. have formed 2 voU. HBr ; and 
that for every vol. of H there are 2 vols, of HBr. Con- 
sequently V vols. H when liberated from HS by action of 
Br, form 2 VVoU; HBr. 

I. The formula of alum is KO,SO, + A1A> jSO. -f 
24 HO : what is the composition of the salt in 100 
parts ? The follow equivalents to be used : — 

H= I 

0=8 

S = 16 

Al= 13*7 
Give such numerical details as will show the method 
of calculation. 

Solution* . 

Coliectiog the elements eq. alum contains — 

1 eq. K = 39 

2 eqs. Al ^ 27-4 
4 eqs. S = 64 

40 eqs. O = 320 
24 eqs. H = 24 

Eq. alum =5 . 474*4 

- The p^centage composition may be readily determined 
from these figures by simple proportion : — 



1 '^lum. Alum* 
474' 4 : loo 
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: 8*22 K^ per cent. 



5*77 Al „ 



K. 

59 
Al. 

■37*4 
8. 

■^4. 

.0. 

320 

H. 

24 : 5 -06 H 

2. Describe the method of estimating chlorine, bromine, 
' atod iodt0e> iviioa t&e fli^ee deiAenti^ occ^r-to- 

5. V volumes of ahy^mcarbmi On Htt te sitbtfiitted to 
^ ' cotnbittflidD. How fttmy Voltittes t>f oxygen are 
^qi^r^ forits ^Of^plete cbmbtistiofi atid how many 
*< vohk^ of e0ii!!)6ti}(; add |;a6 are g^erated ? 



» 






SplttUmi ' « 

Gaseous hydrocarbons 6f ^e 'Cn Hn series contain 2n 
volumes of C, and 2n volume^ ef H, condensed into 4 
volumes. * • 

Therefore, 4 vols. Cn Hfe ard Resolved into 2n vols. C 

By proportion V vols, ^n Hix- contain vols* of Cj 

4 
and the same number of V6fe. 6f fit. 

Now CO, contains eqiiatVota* hiC vap. and condensed 

2 Vn Vn 

one-half. Therefore to unite witfi = — vols. C 

.4.2 

tap* require —^ vols, O ; and these conikiilftt!^ to one* 

Vu 



half there will be — vols, of CO, funiied. . 



t 2 
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Agaiu, as water (vapour) is composed of 2 vols. Hi 

• Vn 

to I vol. O, to unite with — vols, of H will require 

= vols. O : 

2X2 4 

and therefore total No. vols. required for comjilete oom* 

Vn Vn 1 Vn 
bustioD of V, vols, of Ca Hn = — 4- — « 2 

24 4 

Section HI, 

1. Give a definition of the terms acid, base, and salt. 

2. Give an outline of the processes involved in the 

Tuanufacture of sulf^uric 'md, 

3. The formula of the mineral stilb^te usually adopted 

by chemists is CaO, SiOs + AlfO^ x Si O, 
+ 5 HO. In this formula the symbols nave the 
following values : — 

.H = r 
O =5 8 * 
Al = 137 
Si = 21 
Ga s= 2Q 

What is the formula of stilbiie, if the fdlolving equi- 
valents be us^ : — 

H = I 
,0 = f5 
Ale 274 
Si = 28 
Oft = 40 

• Give such numerical details as will show the mode of 
taldilation. 

Collecting' the elements : — 
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J cq. of the comjouni con tains i eq. Oi 

. 4 eq? Si 

2 eq. Al 

22 eqv O 

6 eq, H 

With the higher equivalents, these numbers beco,»)e : — 



i eq. Ca 

3 ,, Si 
I «, Al. 



6 „H, 



and doubling these to 
get rid of fractions < 
they are 



,1 eq. Ca 
6 ,i Si 
2 » Al 

22 „ O 
\12 „ H. 



»> 



24 = 28 

: 8 = 2 



32. 
16 



Now in lime the calcium and oxygen are to each other 
as 20 : 8 = 40 : 16. Therefore lime is CaO as before. 

In alumina the Al and O are to each other as 13*7 X 2 
: 24 a 27*4 X 2 = 48. . Therefore alumina is Al^Og as 
before. 

In silica the Si and O are as 21 : 
Therefore silica is now SiOf. 
I Lastly, in water the H and O are as i 
and the formula of water is therefore H,0. 

The formula then of stilbite becomes — 

OaO, ^SiO, + A1A» 3810,"+ 6H,0, 

being regarded as a tersilicate of lime combined with the 
neutral silicate of alumina. 

Section IV. 

t. Describe one of the methods of estimating the 
amount of oxygen in atmospheric air. 

2. The specific gravity of chlorine, referred to that of 
hydragen as unity, is 35*5. What is the specific 
gravity of hydrochloric acid referred to that of 
hydrogen as unity ? 
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Solution, 
Weight of 1 vol. H = i 

,» ». Pl = 35'5 

H and CI unite in equal vols., without condensation, to 

form Ha, 

/. Weight of 2 vofe. H(}1 ifc 36'5 

and », . I „ „ = 18-75 
which is .-. the ap* gr. of HCh • 

3. Desa*ibe the action of sulphur on the alkaline caHbon- 
ates at a high temperature, and tUe deportment of 
' the resulting product under the influence of atmo- 
* apheric air and acids. 



I 



r K 



' J 
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ORGANIC CHEMISTRY. 
[Three hours allowed for ihii Paper.] 

. Section I. 

1. What is soap? 

2. How is acetic acid converted into acetic anhydride? 

3. Tiie analysis «of a basic compound consisting of 

carbon, hydrogen,* and nitrogen, furnished the foI« 
lowing results :— 

0*250 graninies of substance gave on conabustion 
O'S'^l „ carbonic acid (CO,) 

0'537 „ water. 

The base fbmis, with hydrochloric acid and bichloride 
of platinum, a crystalline platinum salt : — 

0*500 grammes of double salt left on ignition 
0*168 „ platinum. 

What is the pei*centage composition of the base, and 
what is its formula ? Give such numerical details 
as win show the method of calculation. 
E(iuivalcnt8 to be used — 

C = 12 

H = I 
N - 14 
= 16 
Pt = 987 
CI = 35*5 

Solution. 
(i). To find the C ; eq. CO, « 12 + 32 = 44 
44 : *6j2 :: 12 : '17237 

(2). To find the H. . Water = HA 

18 ; 2 :: -337 : -03744 
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3. To find the N. 

.250 — (•I72J7 + •03744) = •250-- '20981 = -04019 

DividiDg eacK of these toumbers by the eqs. of C, H, and 
N, reupectively— 

-r-J-JJ. = •01435, or 1436 eqs. C. 



12 



—7^ « -03744, or 37 j4 eqs. fi. 

•04019 ■ * 

— ' — - = '00287, or 287 eqs. N. 

pivide etch of these by the number of eqs» ofJN" = 287. 

^ - 5 eqs. C; ^ = 13 eqi. H; ^^ - 1 eq. N. 
29'j ^ ^ 287 ^ ^ 387 .^ 

Empirical formula «= C«H|bN, 

Again, in platinimi salts i eq. Pt ijs coml^ined. ^y 
proportion it is easy to find the weight of the salt which 
contains 1 eq. of Pt, 

l*t. Pt. Pt. ttilt. Pt. salt. 

168 : 98;7 :: 50Q : 293-7 i= eq. b^Pt. salt. 

Now the platinum salts of bases of tlie ammonia t^])e 
(of which this is one) possess the general composition X 
HCl, PtCIj, where X stahds for the base. To obtain the 
equivalent therefore of X, we must deduct from the eq, of 
the Pt. salt (2937) I eql Pt., 3 eqs. CI, and i eq. H. 

Eq. Ptsalt =*293'7 



1 eq. Pt 
3 eq. CI . 
I eq. H . 


-•98-7 

s= 106 '5 
= I 


. 


*206''2 



Eq. of bajse = 87 ' 5 
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Or, omitting fractioDal par^ (owing to experimental inac- 
curacies), eq. of base '=87. This number coincides with 
the ftn-mtila given above, CjHiaN,, for — 

C4 =* 5 X 12 = 60 



87 

Tlierrfpre C^H^pN i^h.Q. fcruQ forraiiki of tbi^ base, which 

may be represented, H V N = Amylamine. 

H 1 



SfiCTIOK II. 

1. How Is benzoic ether "prepared ? 

2. Describe the method of determining carbon and 

.hydrogen i|a ^ oi^anic compound, 
7, Describe the action of metallic zinc upon iodide of 
ethyl, and the products which are formed in the 
reaction. 

Section III. 

1, Describe the composition and the preparation of 

acetone. 

2, State the preparation, the composition, and the three 

principal transformations of oil of bitter almonds. 

3, Given all the inorganic reagents of the laborator}' 

and of organic substances, moreover, benzoic acid 
CyHeOg, and succinic acid €411,04, how is the sub- 
stance 

C.HAr 
prepai'ed ? 

Express the several reactions in equations. 
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Section IV. 

I • What does the term substitution mean in chemistry ? 
Give some examples of substitutions. 

2. How is alcohol converted into glycocol? 

3. Describe the succession of processes by whidi ole- 

fiant gas is transformed into lactic acid. 



PRACTICAL EXAMINATION IN ANALYSIS. - 
[Seven hours allowed.] 

1. Qualitative analysis of a mixture consisting of; two 

acids and two bases soluble in water or acids. 

2. Qualitative analysis of a mixture consisting of two 

acids and two bases partly or entirely insoluble in 
water and acids. 

3. Qualitative analysis of more complex mixtures. • 
Shite the method of examination in detail, and tabulate 

the result of tJie analysis at the bottom of the page. 
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EXPLANATION OF SOME OF THE TEEMS USED 

IN CHEMISTBY. 

Acetates. — Salts formed by the miion of acetic acid with any- 
base. 

MwFoms. Fluids. — ^Bodies which exist in a gaseous form, such 
as the air. 

Apfdoty. — ^A tenn used to express £he force by which bodies 
combine chemically. 

Albumen. — A substance containing N, which exists in the 
serum of the blood, the white of eggs, butchers* meat, and other 
bodies. 

Alcohol. — Highly rectified spirits of wine, 

Allotkopic. — A body having different physical forms ; carbon, 
for instance, occurs as plumbago, charcoal, and the diamond. 

Alembic. — An apparatus used for sublimations and distilla-. 
tions. 

Alkalies. — Substances such as soda, lime, potash, and am« 
monia ; they have a strong tendency to combine with acids and 
form alkaline salts. 

Allot. — ^A combination of two or more metals, such as copper 
and zinc, to form brass. Grold used for coinage is alloyed with 
copper or silver. 

Amalgam. — A mixture of mercury with any metal. 

Amobfhous. — Without definite form ; the opposite of the crys- 
tallized form of bodies. Charcoal is amorphous ; the diamond is 
crystallized. 

Ammoniacal Salts. — Salts formed by the union of any acid 
with ammonia, or by the union of the radical of a hydrogen add 
with ammonium. 

Analysis. — The separation of a compound body either into its 
proximate or elementary constituents. 

Anhydrous. — ^Destitute of water. 

Anti-septio. — ^Possessing the power of preventing putrefec- 
tion. 

Abgillaceous. — A term applied to substances which contain 
alumina, such as clay. 

Absenttes. — Salts formed by the union of arsenious acid wi;th 
any base. 

Abbeniatesl — Salts formed by the union of arsenic add yn!Qii 
any base. 

Z 
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Atom. — The emallest ultimate particle of matter. 

Atmospheres. — ^This word is used to express the additional 
pressure given to fluids. If, for instance, a vessel be filled with 
cariwnio acid gas, and a pressure applied of 15 lbs. upon every 
square inch of the surface, it is said to be a pressure of one 
atmosphere : if 30 lbs., two atmospheres ; if 45 lbs., three atmo- 
spheres, and so on. 

Azote. — ^Another name for nitrogen. 

Barometeb. — ^An instrument which shows the variation of the 
pressure of the atmosphere by the rise and fall of a column of 
mercury contained in a glass tube. 

Base. — Any substance which unites witli an acid to form a 
salt 

Bath, Saxd. — ^Vessels partly filled with dry sand, in which 
retorts are placed. Baths are sometimes of mercury, water, or 
fete^m. 

Borates. — Salts formed by the union of boracic acid with a 
base. 

Button. — ^The name given to the piece of metal whiph is found 
at the bottom of a cruc£le after a metallic ore or oxide has been 
reduced. 

Calcareous. — A term usually applied to combinations of Um« 
with carbonic acid. 

Caoutchouc. — ^India-rubber. 

Calcination. — ^The application of a red heat to bodies, so as 
to deprive them of moisture. 

Capillary Attractkmt. — A term applied to that species of 
attraction which causes the rise of sap m vegetables, or the rise 
of fluids in small tubes. 

Carbonates. — Salts formed by the union of carbonic acid witii 
any base. 

Carbides. — Substances ia which carbon forms one of the con- 
stituents, as carbide of iron. 

Caustic. — Possessing the power of burning. 

Caseins. — ^An organic body of which tiie curd of milk is com- 
poseci. 

Catalysis. — ^An action of contact or surface. 

Centiarade. — The thermomtetric scale, in which the freezing 
point is (P and the boiling point 100°. 

ChroMAtes. — Salts formed by tiie combination of any base 
with chromic acid. 

Concentration. — The act of increasing the specific gravity of 
bodies. It is usually applied to fluids by evapoiatixig a. portion of 
ttie water. 
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CoMBusnoK. — A tetm geneiftlly applied to express flie phc- 
nomeB|b of the evohition of light and heat when a sobatanoe is 
biirned ; but the gradual decay of vegetable and animal sub- 
stanoee, and the oxidation of l&e metfds, are instances of slow 
ocnnbusition. 

CoKDENSATiON. — ^The bringing of the parts of a gas or vapour 
nearer together by pressure or oold. 

Gbtstallization. — ^An operation l^ which bodies pass from a 
fluid to a solid state, and assume definite geometrical fbrms. 

Gbtstallizatiok» Water of. — Tliat portion of water whleh 
combines with salts in crystallizing, and which cannot be re* 
moved without breaking up the compound. 

Decant. — To pour off a liquid firom the residue. 

DECOMPosmoK. — ^The breaking up of the constituent parts of 
a compound body. 

Decbepitation. — ^The sudden decomposition of bodies, attended 
with a crackling noise, when thrown into a red-hot crucible. 

DEFLAOBATfON. — ^Thc vivid combustion that is produced when 
the mtrates and some otiier salts are exposed to a red heat 

Deliquescence. — Signifies the absorption of moisture from tb« 
atmosphere, by which salts become liquid. 

Desiccation. — ^The operation (^ thoroughly drying a substance. 

Deoxidise. — To deprive of oxygen. 

Detcktation. — ^An explosion. 

Digestion. — ^The continual soaking of a solid substance in a 
liquid, with or without tiie application of heat. 

DiMOBPHiBM. — The property whieh some .bodies possess of 
crystalliziDg in two dujtinot forms. 

DuonLTCY. — ^A property by which metals may be drawn out 
without fracture. 

Ef fe hv esoence. — ^A motion oecasioned by the sudden libera- 
tion of gaseous bodies, as when hydrochloric acid is poured on 
chalk, or a solution of tartaric add is added to carbonate of 
soda. 

Bfflobescekcb. — ^A term applied to salts when th^ lose pai-t 
of their water of crystallization on exposure to the air, and be- 
come covered with powder, or pulverulent. This appearance is 
somethnes observable on brksk walls. 

Elasticity. — The force by which bodies endeavour to recover 
their natural poedtion, from whenee they had been displaced by 
external pressiD^. 

Elastic FLmvs. — ^A name given to vapours and gases. 

£3:.rai2NT. — ^A body that cannot be resolved into any simpler 
form. 
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ExFTBKCMATic. — A. cUsagreeabld odooi ariding &odi the bom- 
iDg of aoixnal oils and vegetable substanoea in oloee yesaels, 

Ereuacausis. — Slow oombnstioD, as the rotting of wood. 

EvAPOKATiON. — The conversion of fluids into va|K)ur by heat. 

Eudiometer. — Aiji instrument used for investigating the com* 
position of different gases and the purity of atmospheric air. 

Fahrenheit. — Thermometric scale. The boiling point is 212^^ 
and the freezing ^int 32°. 

FmRiN. — A wmte fibrous substance which may be obtained by 
agitating warm blood with a birch rod, and wluch chiefly com- 
poses muscular tissue. 

Filtration. — ^A process for separating liquids in a stBite of 
parity from solid bodies. 

Filtrate. — The clear liquid whijch passes through the filter. 

Flux. — A substance which when heated with another forms a 
glass, and assists it to fiise. 

Fusion. — The rendering of a body fluid by heat^ 

Gaseous. — ^Having the nature and properties of a gas. 

Gasometer, — ^An apparatus for collecting and preserving 
gases. 

Gelatine. — A chemical term for glue and animal jellies. 
, Gluten. — ^A vegetable substance analogous to gelatine. 

Haloid. — A tferm" for iodine, chlorine, bromine, and fluorine, 
which produce salts by their union with the metals, as chloride 
of sodium* 

Hermetically Sealed. — ^A term applied to the closing of the 
aud.of a glass tube^ so as to render it air-tight. 

Homogeneous. — Alike in nature and properties. 

Hydrometer. — ^An instrument for determining the specific 
gravity of fluids. 

.Htqrometer. — ^An instrument for determining the quantity of 
moisture in the atmosphere. 

Hydrate. — ^A compound formed by the union of water with a 
compound. 

Hydracids. — Adds formed by the union of hydrogen with 
some other element, as hydrochloric acid. 

iQNinoN. — The act of exposing to a red heat. Strictly speak- 
ing, in ignition the body is not changed, whereas in combustion 

itis» 

laoMORPHOus. — Bodies haying the same crystalline form, and 
capable of replacing each other; thus anhydrous arsenic acid 
(AsOg), and phosphoric acid (PO5), are isomorphous. . 

Isomeric. — Bodies having the same formula. b|Lt of difEerent 
character^. Sugar and gum are isomeric. 



GLOSSARY, 257 

LixiviATioN. — The act of dissolving salts. 

Lrrarus Papeb. — Paper coloured blue with an infusion of litmus, 
and used as a test for acids. 

Menstrijxjm. — The fluid in which a solid body is dissolved. 

Metamobphis. — The transformation of chemical compounds. 

Mordants. — Substances which have an aflSnity for particular 
colours and fabrics, and employed by dyers to unite the colour 
with the cloth : alum is of this class. 

Nascent.— In the moment of formation. A gas, for instance, 
is said to be nascent at the moment of its liberation from some 
compound. 

Neutralize. — The act of rendering a solution neither add nor 
alkaline. 

Nitrates. — Salts formed by the union of nitric acid with a 
base, or with HNOe, and a bade radicftl. 

Oxacids. — ^All acids containing oxygen. 

Pellicle. — A thin skin which forms on solutions when heated. 

Phosphates. — Salts formed by the union of phosphoric acid 
with any base. 

Precipitate.— *The substance dissolved in a fluid, which falls 
to the bottom on. the addition of a reagent, and is left on the 
filter in the act of filtration. 

Pulverize. — To reduce to powder. 

Badical. — ^A term applied to the root or foundation of com- 
pounds. A simple radical is synonomous with an elementary 
body. Chlorine is the radical of nydrochloric acid. 

Sublimation. — ^A process by which volatile bodies are con- 
densed by cold into a solid form. The soot of chimneys is a 
familiar instance of this kind. 

Sulphates. — Salts formed by the union of sulphuric add with 
any base, or with HSO4, and a basic radical. 

Synthesis. — The forming of a compound by the union of its 
elements, as contrasted with analysis. 

Triturate. — To rub together. 
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Acid, Acetic, 195. 

Antimonio, 153. 

Arsenic, 174. 

■ Arsenious, 174. 

Borado, 74. 

Garbonio, 66. 

Chloric, 47. 

Chlorous, 46. 

Chiomic, 146. 

Citric 195. 

^ Cyanic, 200. 

Ferric, 137. 

Hydriodic, 50. 

Hydrobromic, 48. 

HydioohlDric, 46 ; 85 ; 

88.; 200. 

Hydrofluorie, 50. 

Hydrosiilphurio, 41 ; 83. 

• Hypochloric 46. 

HypochlprouB, 46. 

Hyponitric, 54. 

• HypophosphoruB, 58. 

f ICKUO, 50. 

MaUc,195. 

Manganic, 129. 

Nitric, 54. 

Nibrous, 54. 

OjiaUcll6; 195. 

Perchloric 48. 

Periodic 50. 

Peimanganic, 129. 

Phosphoric 59 ; 90 ; mo- 
difications o^ 90. 

J^ioaphorus, 58. 



Acid, Prussic 200. "^ 

Selenic, 43. > 

Selenious, 43. 

Sulphuric 39; 82. 

Sulphurous, 39 ; 81. 

Tannic 196. 

Tartaric 195. 

Acid Bodies, 16. 
Acids, division oi^ 16. 

Anhydrous, 17. 

with compound radicals, 

18. 

Polybasic, 21. 

Aconite, 197. 
Affinity, Chemical, 4. 
Albumen, Animal, 191. 

Vegetable, 192. 



Alumina, 131 ; 182. 

Sesquichloiide 



of, 



131. 



- Silicate of, 133. 
Sulphate of, 132. 



Aluminium, 130 ; 181. 
Ammonia, 89 ; 179. 

Bicarbonate o^ 113. 



179. 



- Carbonate oC 11*^ 



Manufacture of, 
from gas liquor. 111. 
Nitrate of; 113. 

Sesquicarbonate of, 



113. 



Sulphate of, 112. 
Tests for, 114. 
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Ammonia, Tribasic Phosphate 

of Soda and, ] 07. 
Ammonium, 110. 
Chloride of, 112 ; 

179. 

'- Sulphide o^ 114. 

Amorphous Sugar, 191. 
Analysis of Droitwich Brine, 

109. 
of Stourbridge Fire 

Clay, 133. 

Pradiical Examina- 



tion in, 203; 212; 228. 
Animal Albumen, 191. 
: — Caseine, 192. 

Charcoal, 63. 

Fibrin, 192. 

Antimonic Acid, 153. 
Antimony, 153. 

Pentachloride 



154. 



154. 



Pentasulphide 



of. 
of, 



Terchloride o^ 154. 

Teroxide of, 153. 

Tersulphide of, 154. 

Tests for. 155. 

Apparatus and Manipulation, 

25. 
Aqua Begia, 85. 
Arseniate of Soda, 175. 
Arsenic, 174. 

Acid, 174. 

Pentasulphide of, 175. 

— Tests for, 175. 

A'rsenious Acid, 174. 
Arsenite of Copper, 157. 
Atmosphere, Composition of 

' the, 33 ; 86. 
Atomic Weight, 10. 
Azote, 86. 
A^otized Bodies, 191. 

BABiuif, 114; 180. 



Barium, Binoxide of, 180. 

Chloride of, 115. 

Baryta or Barytes, 115. 
Binoxide of. 



115. 



of, 116. 



115. 



115. 



115. 



■ Carbonate 
Hydrate of. 
Nitrate of. 
Sulphate of. 
Tests • for. 



116. 
Bases, Vegetable, 196. 
Bell-metal, 158. 
Biborate of Soda, 108. 
Bicarbonate of Potash, 99. 

Soda, 106. 

H Ammonia, 113. 

Bichloride of Platinum, 171. 

Tin, 151. 

Binoxide of Barytes, 115. 

Calcium, 119. 

Hydrogen, 77. 

Lead, 159. 

Platinum, 171. 

Stpontia, 117. - 

Tin. 151. 

Bismuth, 162. 

Nitrate of; 162. • 

Teroxide of, 162^ 

Tests for, 162. 

Bisulphate of Soda, 107. 
Bisulphide of Carbon, 92. 

r Tin, 152. 

Bisulphite of Soda, 107. 
Black Lead, 62 ; 65. 
Black Oxide of Iron. 137. 
Bodies, Azotized, 191. 

Isomeric, 189.. 

Non-azotized, 189. 

NoD-metallic^ 33. 
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Bone-black, 62, 63. 
Borax, 108. 
Boron, 74. 
Bra88» 157. 
Bromine, 48. 
Brucia, 196. 

Cadmium, 149. 

Protoxide of, 149. 

r- Sulphate o^ 150. 

Sulphide of, 150. 

Tests for, 150. 

Caifeine, 197. 
Calcium, 118 ; 180. 

Bihoxide o^ 119. 

Chloride of. 123. 

Fluoride of; 60 ; 124. 

Phosphide of, 124. 

Sulphide o^ 124. 

r Tests for, 124. 

Calomel, 165. 

Cane Sugar, 190. 
Caramel, 189. 
Carbon, 4 ; 62 ; 91. 
Carbonate of Ammonia, 112. 

r Baryta, 116. 

Cobalt, 143. 

Copper, 157. 

Lead, 160. 

Lime, 120. 

Magnesia, 125. 

Manganese, 129. 

Nickel, 141. 

Potash, 99. . 

'- Protoxide of 



Iron, 138. 



Silver, 169. 
Soda, 104. 
Zinc, 148. 



Carbonic Add, 66 ; 92. 

> Oxide, 67. 

Carburetted Hydrogen, 68, 69 ; 

93. 94. 
Caseine* Animal, 192. 



Caseine, Vegetable, 193. 
Cassius, Purple of, 174. 
Cast-iron, 134. 
Cellulose, 190. 
Charcoal, 62. 
Chemical Affinity, 4. 

Nomenclature, 11. 

Cldorate of Potash, 101. 
Chloride of Ammonium, 112. 

— Barium, 115. 

Calcium, 123. 

Cobalt, 143. 

• Copper, 157. 

Lead, 161. 

■ Lime, 122. 

• • Mappiesium, 126. 

Nickel, 141. 

Platinum, 172. 

Silver, 170. 

Sodium, 108; 178. 

Zinc, 148. 



Chlorine, 43; combines with 
hydrogen and the metals, 48 r 
destroys organic colours, 44 ; 
used as a disinfectant, 45 ; 84. 

Chlorophyle, 199. 

Chromate of Lead, 146. 

;— Potash, 116; 146. 

Silver, 147. 

Chromium, 144. 

Protochloride of, 

145. 

Protosesquioxide 

Protoxide of; 144. 

— Sesquichloride of, 

145. 

Sequioxide o^ 145, 

Tests for, 147. 

Cinnabar, 166. • 
Citric Acid, 195. 
Coal Gas> 69 ; 94. 
Cobalt, 142. . 
Carbonate of, 148, 



of, 145. 
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Oobalt, Chloride of; 142. 

Protoxide of, 142. 

Sesquioxide of, 142, 

Sulphate of; 143. 

Tests for, 143. 

Coke, 62. 

Combination, 5; Iaws of, 6; 

by Tolmae, 9. 
CoDocine, 197. 
Copper, 155; 183. 

" Arsenite, 157. 

Carbonate of, 157. 

Chloride of. 157, 

Nitrate of; 157. 

Specific i^rayity of, 10. 

Sulphate of, 156. 

Tests for, 158. 

Corks^ use o^ for apparatus, 

25. 
Corrosive Sublimate, 166. 
CfystaUization, Water of, 21. 
Cyanio Acid. 200. 
Cyanogen, 199. 

Datt Lamp, the, 70. 
Decomposition, Chemical, 
caused by electrio currents, 

Diamond, 4; 62; 65. 
Droitwioh Brine, 109. 

Elements, Table of, 2. 
Emeline, 197. 
Ether, 194. 
Etfayle, Oxide of, 194, 

Febbientation, 193. 
Ferric Acid, 137. 
il^errocyanide of Potassium, 

199 
Fibrin, Animal. 192. 

Vegetable, 192, 

Filters, use of, 31. 
Fire-dtunp, 70. 



Flame, structure of; 71. 
Fluoride of Calcium, 50 ; 124. 
Fluorine, 50. 

Fulminate of Mercury, 200. 
Fuhninic Acid, 200. 

Gab, Coal, 69. 

Jars, 26. 

Laughing. 87. 



Oases, collection of, 27. 

by 

placement. 29. 

Combination of, 



volume, 9. 

Drying ot 27. 



die- 
by 



Oelatine. 193. 
Glass tubing, 26. 
Glucose, 190. 
Gold, 172 ; 187. 

Protochloride of. 173. 

Protoxide of, 173. 

Beducing agents for, 174. 

Specific gravity of, 10. 

Terchloride of. 173. 

Teroxide of, 173. 

Grape sugar, 190. 
Graphite, 62; 65. 
Gun-metal, 157. 

Heat, influences of, 5. 
Hydrate of Soda, 104. 
Hydrochloric Acid, 46 ; 200. 
Hydrogen, Carburetted, 68, 

69* 74. 
— r— ^ DeuiDxide of, 79; 

95. 



of, 76. 



Diflusive properties 

does not 8upp<Hrt 
combustion, 76. 

forms two e^a- 



pounds vith oxygen, 77. 

^ Phosphuretted, 61. 

Frep^oalion of; 75u 
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Hydrogen, Protoxide of, 96. 

Sulphuretted, 41. 

HyoBcyamine, 197. 
Hyposolphate of Bilver, 169. 
Hyposulphite of SiWer, 169. 
Soda, 107. 

Indioo, 198. 
Iodide of Lead, 161. 

PotaMium, 102. 

Silver, 50 ; 170. 

Iodine, 49 ; 190. 
Iron, 184 ; 182. 

Black oxide of, 167. 

Carhonate of the Pro- 
toxide of, 138. 

Oast, 134. 

Malleahle, 133. 

Oxide of, 12. 

Protochloride of, 137. 

Protoiodide of, 138. 

Protoxide of, 137. 

Sesquichloride of, 188. 

Sesquioxide of, 137. 

Specific gravity of, 10. 

Sulphate of the Protoxide 



of. 138. 



oxide of, 138. 
Tests for, 139. 



Sesqui- 



Isomerio hodies, 189. 
Ivory Black, 63. 

Lauohiko Gas, 87. 
Lead, 158 ; 184. 

Binoxide of, 159. 

Oarbonate of, 160. 

Chloride of, 161. 

Obromate of. 146. 

^^ Iodide of, 161. 

Nitrate of, 160. 

Protoxide of, 159. 

Bed oxide of, 159. 

— ^— - Specific gravity o( 10. 



Lead, Suboxide of, 159. 

Tests for, 161. 

lig^in, 190. 
Lime, 180. 

Oarbonate of. 120 ; 181. 

Ohloride of, 122. 

Phosphate of, 121. 

Sulphate of. 121 ; 181. 

Water, 119. 

Litmus, 198. 

Magnesia, 125. 

Oarbonate of; 125. 

Phosphate o^ 125. 

and 

Ammonia, 126. 

Silicates of, 126. 

Sulphate of, 125. 

Tests for, 126. 



Magnesium, 124. 

Ohloride of, 126. 

Malic acid, 195. 
Malleable Iron, 135. 
Manganese, 127. 

Binoxide of, 128. • 

Oarbonate of. 129. 

Ohloride at, 128. 

Protoxide of, 127. 

Red oxide o^ 128. 

— Sesquioxide of. 



128. 



Sulphate of the 



Protoxide of, 129. 

— Tests for, 130. 



Manganic Acid, 129. 

ManSi's test for Arsenic, 176. 

Mercury, 163; 185. 

Fulminate of, 200. 

Nitrate of the pro- 
toxide of, 165. « 

■ sub- 
oxide of, 164. 

Protodhlorideof, 165. 

Pwtoiodide of, 166. 
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Mercury, Protoaulpliide ol^ 
166. 

Protoxide of, 164. 

• Subchloride of, 165. 

Subiodide of; 166. 

- Suboxide of, 164. 

- Subsulphide of, 166. 
Sulphate of the Pro- 



IXDEt. 

Non-metallic bodies, 33. 



toxide of, 164. 



Sub- 



oxide of, 164. 

Tests for. 167. 

Microoosmic Salt, 107. 
Monobaaic Phosphate of Soda. 

108. 
Morphia, 196. 

Nickel, 140. 

• Carbonate of, 141. 

—i: Chloride o^ 141. 

Protoxide of, 140. 

Sesquioxide of, 141. 

■ Sulphate of. 141. 

Tests for, 141. 

Nicotine, 197. 
Nitrate of Baryta, 115. 

Ammonia, 113. 

Bismuth, 162. 

Copper, 157. 

— •■ ^ Lead, 160. 

r- Potash, 99 ; 177. 

Protoxide of mer* 



cury, 165; 

Silver, 169. 

Soda, 107. • 

Sfcrontia, 117. 

Suboxide of mer- 



cury, 164. 
Nitrogen, 51 ; 86. 

Binoxide of, 54 ; 88. 

Preparation of, 52. 

Protoxide of, 53 ;• 87. 

Nomenclature, chemical, 11. 
Non-azotized bodies, 189. 



Ona and Fats, 197. 
Organic Chemistry, 188. 

■ Questions 

on, 204. 
Organic colouring matters, 1 98. 
Orpiment, 175. 
Oxalic Acid. 116; 195. 
Oxide of Iron, 12. 
• Selenium, 43. 

Ethyle. 194. 

Oxides, Basic, 14. 

[Division o^ 12. 

Oxygen, 33. 

• Incombustibility of, 36. 

Preparation oi^ 33. 

supports combustion. 



36. 



supports life, 37; 79, 80. 



Pentaohlobide of Antimony, 

154. 
Pentasulphide of Antimony, 

154. 
Peperine, 197. 
Permanganic Acid, 129. 
Peroxide of Silver, 169. 
Phosphates, Tribasic, of Soda 

and Ammonia, 107. 

■— Bibasic, of Soda, 



108. 



Soda, 108. 



Monobasic, of 

of Lime, 121.' 
Magnesia, 125. 

— and 



Ammonia, 126. 
Phosphide of Calcium, 124. 
Phosphoric Acid, 59 ; 90. 
Modifications 

of, 90. 
Phosphorus, 56. 
■ Preparation of, 56. 
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Phosphonifl, Used in the manu- 
facture of lucifer-matches, 
57. 

Phosphorous Acid, 58. 

Phosphuretted Hydrogen, 61. 

Platina, specific gravity of, 10. 

Platinum, 171; 187. 

Bichloride of, 171. 

Binoxide of, 171. 

Chloride of, 172. 

Protoxide of, 171, 

Tests for, 172. 

Plumbago, 65. 

Potash, 98 ; 177. 

Bicarbonate of, 99. 

Carbonate of, 99. 

Chlorate of, 101 

Chromate of, 1 16 ; 146. 

Hydrate of, 98. 

-: Nitrate of, 99. 

Sulphate of, 101. 

Tests for. 102. 

Potassium, 97 ; 177. 

Cyanide of. 200. 

Ferrocyanide of, 199. 

Iodide of, 102. 

Oxide of, 98. 

Protochloride of Chromium, 

145. 

Gold, 173. 

Iron, 137. 

'■ Mercury, 

165. 

Tin, 151. 

Protoiodide of Iron, 138. 

Mercury, 166. 

Protosesquioxide of Chromium, 

145. 
ProtoBulphide of Mercury, 166. 

■ Tin. 152. 

Protoxide of Cadmium, 149.'" 

Chromium, 144. 

Cobalt, 142. 

Gold, 173. 



Protoxide of Hydrogen, 96. 

Iron, 137. 

Lead. 159. 

Mercury, 164. 

Nickel, 140. 

Platinum, 171. 

Silver, 169. 

■ Strontium, 117. 

Tin, 151. 

Prussic Acid, 200. 
Purple of Cassius. 174. 

Questions on Inorganic Che- 
mistry, 208 ; 220. 

Organic Che- 
mistry, 201 ; 213 ; 225. 

Quinine, 196. 

Realgar, 175. 

Red Madder, 198. 

Red Oxide of Lead, 159. 

Reducing agents for Gold, 174. 

Salts, 19. 

Binary theory of. 20. 

Formation of, 20. 

FormulsQ of the more 

important, 22. 

Solidity of, 21. 



Scheele's Green, 157. 
Selenic Acid, 43. 
Selenious Acid, 43. 
Selenium, 43. 

Oxide of, 43. 

Sesquicarbonate of Ammom'a, 

113. 

Soda, 104.' 

Sesquichloride of Alumina, 131. 
Chromium. 

145. 



Iron, 138. 

Sesquioxide of Chromium, 145. 
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Sesqnioxide of Gobalt, 142. 

Iron, 137. 

-, Nickel. 141. 

Sesquisolphide of tin, 152. 

SiUca, 73. 

Silicates of Almmna, 133. 

Magnesia, 126. 

Silicon, 73; 95. 
Silver, 168 ; 186. 

Carbonate of, 169. 

Chloride of, 170. 

Chromate oi, 147. 

Hyposulphate o^ 169. 

Hyposulphite of, 169. 

Iodide of, 170. 

Nitrate of, 169. 

Peroxide of, 169. 

Protoxide of; 169. 

Suboxide of, 169. 

— * Sulphate of, 169. 

Sulphide of, 170. 

Tests for, 170. 

Soda, 104 ; 178. 

Arseniate of, 175. 

Bibesic phosphate of, 108. 

Biborate of, 108. 

Bicarbonate of, 104. 

Bisulphate of, 107. 

Carbonate of, 104. 

Hydrate of, 104. 

Hyposulphite of, 106. 

Nitrate of; 107. 

Monobasic Phosphate o^ 

107. 
Sesquicarbonate of, 104 ; 

106. 
.^-^ Tests for, 109. 

Tribasic Phosphate of. 



107: 

Tungstate of, 109. 



Sodium, 103; 178. 

Chloride of, 108 ; 178. 

South Kensington Museum, 
* Questions given at the Ex- 



amination for Certificates at, 
201 ; 208. 

Specific Gravity, 10. 

Starch, 189. 

Steel, 136. 

Stourbridge Fire Clay, Analy- 
sis of, 13.3. 

Strontia, 117. 

Nitrate of, 117. 

Tests for, 117. 

Strontium, 116. 

Chloride of, 117. 



- Protoxide of; 117. 



Strychnia, 196. 
Subchloride of Mercury, 165. 
Subiodide of Mercury, 166. 
Suboxide of Lead, 159. 

— Mercury, 164. 

Silver, 169. 

Substitution, Types and Law 

of, 188. 
Subsulphide of Mercury, 166. 
Sugar, Amorphous, 191. 

Cane, 190. 

Grape, 190. 

of Milk, 191. 

Sulphate of Alumina, 132. 

Ammonia, 112. 

Baryta, 115. 

Cadmium, 150. 

Cobalt, 143. 

— Copper, 156. 

Lime, 121. 

Magnesia, 125. 

Nickel, 141. 

Potash, 101. 

Protoxide of Iron, 



138. 



ganese, 129. 



— Man- 

- Mer- 



cury, 164. 
Iron, 138. 



Sesquioxide of 
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Sulphate of Silvor, 169. 

-Boda, 104; lOG; 



178. 



cury, 164. 



Suboxide of Mer- 
Zinc, 148. 



Sulphide of Ammonium, 114. 

Cadmium, 150. 

Calcium, 124. 

Silver, 170. 

Sulphur, 38 ; 81. 
Sulphuretted Hydrogen, 41 ; 

83. 
Sulphuric Acid, 39; 82. 
Sulphurous Acid, 39. 

Tannic Acid, 196. 
Tartaric Acid, 195. 
Terchloride of Antimony, 154. 

Gold, 173. 

Terms used in Chemistry, ex- 
planation of, 229. 
Teroxide of Antimony, 153. 

Bismuth. 162. 

Gold, 173. 

Tersulphide of Antimony, 154. 
Tests for Alumina, 133. 

Ammonia, 114. 

Antimony, 155. 

■ Arsenic, 175. 



Barium, 116. 

Bismuth, 162. 

Cadmium, 150. 

Chromium, 147. 

Cobalt, 143. 

Copper, 158. 

Iron, 139. 

T.ead, 161. 

- — Magnesia, 126. 

Manganese, 130. 

Mercury, 167. 

Nickel, 141. 



Tests for Platinum, 172. 

Potash, 102. 

Silver, 170. 

Soda, 109. 

Strontium, 117. 

Tin, 152. 

Zinc, 149. 

Theiue, 197. 
Tin, 150 ; 183. 

Bichloride of, 151. 

Binoxide oi^ 151. 

Bisulphide of, 152. 

Protochloride ot, 151. 

Protosulphide of, 152. 

Protoxide of, 151. 

Sesquisulphide of, 152. • 

Testa for, 152. 

Tribasic Phosphate of Soda, 

107. 
Tungstate of Soda, 109. 
Turmeric, 198. 

Vabvicite, 128. 
Vegetable Acids, 195. 

Albumen, 192. 

Caseine, 193. 

Fibrin, 192. 

Veratune, 197. 

Vermilion, 166. 

Volume, combination by, 9. 

Washino Powders, 198. 
Water, 77; 96. 
White Lead, 185. 
Witherite, 116. 

Zinc, 147 ; 182. 

Carbonate o^ 148. 

Chloride o^ 148. 

Sulphate of; 148. 

Tests for, 149. 
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